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Introduction 


Le Programme iniernationai Péri-Téthys mène 
scs travaux en écroiie connexion avec ceux déve¬ 
loppes dans le cadre du PICC Projet n® 343 
« Stratigraphie corrélation of Peri-Tethyan epi- 
cratonic basias » (1993-1996). Les résuliats obte¬ 
nus sur le Carbonilère supérieur-Permien 
inférieur sont particulièrement remarquables. Le 
présent volume est la synthèse de ces données, 
coordonnées par Alain l'/art (Université de 
Nanc}9 et Denis Vaslet {BRGM, Orléans). 

II compile les découvertes le.s plus récentes avec 
les données précédemment acquises et propose 
de.s corrélations srratigraphiques entre la plate¬ 
forme Nord péri-terhysicnne [ bassins ouest euro¬ 
péens (France, Allemagne, Grande-Bretagne, 
Pays-Bas), bassins d’Europe de FEst (Pologne, 
République tchèque, Slovaquie), CEI (Russie, 
Ukraine, Kazakhstan), Turquie], le domaine 
Téihysien lEspagne. Italie, Autriche, Iran] et la 
plate-forme Snd péri-réthysienne [Afrique du 
Nord (Algérie, Maroc, Tunisie), Moyen-Orient 
(Égypte, Syrie), Arabie (Arabie Saoudite, Oman) 
et enfin Pakistan]. 

Ce volume s’intégre dans la .série des publications 
du Programme international Péri-Téthys : 

Roure F. (ed.) 1994. — Peri-Tethyan Platforms: 
Proccedtnj^ of the IFP Peri-Tethys Research 
Conférence held in Arles, France, March 23, ! 993. 
Teennipv Paris, 275 p. 

Ziegler P. A. & Horwath F. 1996. — Peri-Fethy-s 
Memoir 2 : Structure and prospects of Alpine 
Basins and Forclands. Mémoires du Muséum natio¬ 
nal d'Hisioire naturelle, Paris 170, 547 p. 

Crasquin-Soleau S. & De Wever P. 1997. — Peri- 
Tethys : stratigraphie corrélations 1, Geodiversitas, 
19 (2): 169-499. 

Crasquin-Soic.iu S. &: Borner É. 1998. —Peri-Tethys 
Memoir 3 : Siratigraphy and évolution of Peri- 
Tethyan Platforms. Mémoires du Muséum national 
d'Histoire naturelle, Pari.s, 177, 262 p. 

Crasquin-Snieau S. & Barrier É. 1998. — Peri-Tethys 
Memoir 4 : Epicratonic basins oi Peri-Tethyan 
margins. Mémoires du Muséum national d'Histoire 
naturelle, Paris, 179, 294 p. 


The International Peri-Tethys Programme carries 
on its Works ht close relationshii) wtth the IGCP 
Project No. 343 ''Stratig>'aphic correLttlon of PerT 
Teihyun epicratonic hasins^ (I993'l996), The 
resuli-s ohtained on the Late Carboniferous-Earlÿ 
Permian are particuhirly outstanding pièces of 
Work Thh volume h n syntbesis of these data cû~ 
ordinuted by Alain Îzarî (Université de Namy) et 
Denis Vaslet (BRGAÎ, Orléans) 
lî compiles the most tecent discoveries wtth data 
prevwusLy esutblished and introduce stratigraphie, 
corrélations hetween Peri- Tethyan Northern plat- 
form [western Enropean basins (France, Germiny, 
Great Brttatn, Netherlands), emtern Enropean 
basins (Pûtand, Czech Republie, Slovak Repuhlicf 
CTS (Rîtssia, Ukraine, Kazahkstan), Turkey], 
lethys domain (Spain, Italy Austria> Iran) et Per/- 
letbyan Southern platform [Nortb Africa (Algeria, 
Morocro, Tunisia), Middle east (Egypt, Syria), 
Arabiit (Saudi Arabia, Oman) and Pakistan}, 

This volume frts withhi publications of the Peri- 
Tethys Programme. 

Rourc F. (ed.) 1994. — Peri-Tethyan Platforms: 
Proceeding of the IFP Peri-Tethys Research 
Conférence held in Arles, France, March 23, 1993, 
Technip. Paris, 275 p. 

Ziegler P. A. & Horwath P. 1996. — Peri-Tethys 
Memoir 2 : Structure and pro.spccts of Alpine 
Basins and Forelands. Mémoires du Muséum natio¬ 
nal d’Histoire naturelle. Paru 170, 547 p. 

Crasquin-Soleau S. & De Wever P. 1997, — Peri- 
Tethys : stratigraphie corrélations 1, Geodivemtas, 
19 (2) : 169-499. 

Cra.squin-.Solc-au S. & Barrier É, 1993. —Peri-Tethys 
Memoir 3 : Straiigraphy and évolution of Peri- 
Tethyan Platforms. Mémoires du Muséum national 
d*Histoire naturelle, Paris, 177, 262 p. 

Crasquin-Soleau S. & Barrier É. 1998. — Peri-Tethys 
Memoir 4 : Epicratonic basins of Peri-Tethyan 
margins. Mémoires du Muséum national d'Histoire 
naturelle, Paris, 179, 294 p. 
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Nous tenons à exprimer notre gratitude : 

- au Muséum national d’Histoire naturelle de 
nous avoir permis de publier ce deuxième fasci¬ 
cule thématique dans Geodiversitas ; 

- à Hervé Lelièvre et Florence Kerdoncuff 
(Rédaction de Geodiversitas) pour leur remar¬ 
quable efficacité dans la réalisation de ce volume ; 

- l’équipe de cartographie du Programme Péri- 
Téthys (Bruno Vrielynck, CNRS et Christophe 
Turcq* UPMC, Paris) pour leur aide dans la fina¬ 
lisation de certains documents ; 

- les scientifiques ayant assuré les rapports sur 
les différents articles (J. F. Becq-Giraudon, 
BRGM, Orléans ; J. Broutin, UPMC, Paris ; 
J. Clermonté, Université H.-Poincaré, Nancy ; 
D. Massa, Suresnes ; 1. D. Somerville, University 
College, Dublin, Irlande ; D. Vachard, USTL, 
Lille ; G. B. Vai, Université de Bologne, Italie). 


give us the opportunity to publish this second the- 
rnatic volume in Geodiversitas; 

— Hervé Lelièvre et Florence Kerdoncuff 
(Geodiversitas éditorial office) for their noteworthy 
efficiency in the réalisation of this volume; 

— the Peri-Tethys Cartographie team (Bruno 
Vrielynck, CNRS and Christophe Turcq, UPMC, 
Paris) for their help in the achievement of some 
documents; 

— the revietvers of the different papers (J. R Becq- 
Giraudon, BRGM, Orléans ; J. Broutin, UPMC, 
Paris ; J. Clermonté, Université H,~ Poincaré, 
Nancy ; D. Massa, Suresnes ; I. D. Somerville, 
University College, Dublin, Ireland; D. Vachard, 
USTL, Lille; G. B. Vai, University of Bologne, 
Italy). 

Sylvie Crasquin-Soleau and Patrick De Wever 
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Izart A. et ai 1998. — Stratigraphie corrélations between the continental and marine 
Tethyan and Peri-Tethyan basins during the Late Carboniferous and the Early Permian, in 
Crasquin-Soleau S., Izart A., Vaslet D. & De Wever P. (eds), Peri-Tethys: stratigraphie cor¬ 
rélations 2, Geodiversitas 20 (4) : 521-595. 

ABSTRACT 

The compilation of detailecl stratigraphie, sedimentologic and paléontologie 
data resulted in stratigraphie corrélations of marine and continental areas 
outeropping today in the Tethyan and Peri-Tethyan domains: (1) the base of 
the Moscovian would correspond to rhe base of rhe Wcsiphalian C in the 
Peri-Tethyan domain and to the base of the WestphaJian B in the Tethyan 
domain; (2) ihc Kasimovian, the Gzhelian and ihe Orenburgian would cor¬ 
respond in the northern Peri-Tethyan domain and Tethyan domain (Garnie 
Alps) respectively to the early Scephanian, the late Stephanian and the 
Autunian p.p., in the Southern Peri-Tethyan domain to an undifFerentiaied 
time interval. The boundary between the Stephanian and the Autunian was 
recognized in the üonets Basin with some doubts; (3) the Asselian, 
Sakmarian, Artinskian and Kungurian would correspond in ail the domains 
to the Autunian p.p. and the Saxonian thar remain difficult to separate. 
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MOTS CLÉS 
Péri-Ttîchjs, 
biostratigmphie, 
Carhonifère, 
Permitîi, 
Tethys, 

corrélations stratigraphîqucs. 


RÉSUMÉ 

Corrélations stratigraphiques dans les bassins téthysiens et péri-téthysiens au 
Carbonifère supérieur et au Permien inférieur. Des corrélations sont proposées 
entre les domaines marins et continentaux du Paléozoïque supérieur affleu¬ 
rant aujourd’hui dans le domaine térhyslen et sur les plate-formes qui le bor¬ 
dent au nord et au sud; (1) la base du Moscovien correspondrait dans le 
domaine péri-téthysien h la base du Westphalien C et dans le domaine céthy- 
sien à la base du Westphalien B *, 12) le Kasimovien, le (Izhéiien et 
rOrenburgien correspondraieni dans le domaine nord péti-téthyden et dans 
le domaine térbysicn (Alpes carniques) respectivement au Stéphanien infé¬ 
rieur. supérieur et Autunien ppr^ dans le domaine sud péri-cérhysien à un 
intervalle de temps indilTcrcndc, la correspondance n'cfant pas établie préci¬ 
sément. La limite encre le .Stéphanien et l’Aurunien a été reconnue dans le 
bassin du Donetz avec incertitudes ; (3) TAs-sélien, le Sakmarien, l’Artinskicn, 
le Kunguricn correspondraient dans tous les domaines à l’Autunien p.p. et au 
Saxonien, qui restent difficile à différencier. 


INTRODUCTION 

In the frame of the IGCP 343, a syiitbesis of the 
published and original data Irom eastern and 
western Europe, northern Africa and Arabia is 
presented. I hree litho- and chronostratigraphic 
cross-sections (location Fig, 1 ) show the results 
in threc domains outeropping nowadays in the 
northern Pcri-d’ethvan domain (Fig- 2, Tnset 
Fig. 1), in the Tethyan domain (Fig. 3, Inset 
Fig. 2) and in the Southern Peri-Fethyan domain 
(Fig. 4, Inset Fig. 3'). Biostratigraphic corréla¬ 
tions are proposed in the northern Peri-Terhyan 
domain (Fig. 5) beiwecn the marine eastern 
basins (Russia, Ukraine) and the continental 
western basins (France, Germany), and are exten- 
ded to the other domains (Figs 6, 7). Moreover, 
the latirudinal corrélations berween the conti¬ 
nental basins and the correUrions based on the 
sequencc sttatigraphy allow Co test the climatic, 
eustatic and tectonic factors. The radiochrono- 
logic data chart ol Hess & l.ippolr (1986) and of 
Menning (1995) are chosen for the Late Carbo- 
niferous and for the Permian respectively. 


BIOSTRATIGRAPHIC CORRELATIONS 
BETWEEN THE MARINE AND 
CONTINENTAL DOMAINS 

Corrélations are proposed for the Bashkirian- 
Moscovian and Namurian-Wesrphalian cime 
intervals in the northern Peri-Terhyan domain 
(Fig. 8). Sinirsyn et al. (1978), Yablokov et al. 
(1978), Aisenverg et ai (1978), Makhlina et al. 
(1979), Solovieva (1985), Solovieva et ai (1985a, 
b), Kagarmanov Donakova (1990)v Izart et al. 
(1996), Izart et al. (1998), Makhlina étal, 
(1997), Vachard & Maslo (1996), Hinoir et al. 
(1996), Briand et al. (1998), Zhamoida (in 
press), Ensepbaev et ai (this volume) described 
the Carboniferous of the Ural, Moscow, Donets 
and Prccaspian (Kazakhstan) Basins. The 
Bashkirian and Moscovian show thin and 
medium bedded lime.stones in the Moscow and 
Ural Basins. L^uring this time, lhe Donets was a 
paralic basin with thick alternations of iluvial 
sandstone, palcosol, coal, marine limesione and 
claystone, deltaic siltstone and sandstone. In 
eastern Europe, fusulinid, conodont and coral 
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Fig. 1. — Location of cross-sections on the paleogeographic map of the North Hemisphere during the Lower Permian modified after 
Scolese & Langford (1995). Land in while. shallow sea in stipple, océan in waves, active plate boundaries in bold lines. AB, cross- 
section of the northern Peri-Tethyan Basins: CD. cross-section of the Tethyan Basins; EF, cross-section of the Southern Peri- 
Tethyan Basins. 

biozones werc defined for the Bashkirian, ne a bioscracigraphy and a chronoscracigraphy 
Moscovian> Kasimovian> Gzhelian and marine Framework (Fig. 5). The distribution of flora for 
Early Permian (Fig. 5). See also for ihc fusuli- the North France coal basin (Laveine 1987) and 
nids, Davv'dov (1996) and the table in Krainer &c microflora for western Europe (Clayton et ai 
Davydov (this volume) and tor che corals 1977) arc prcscnted for the Naniurian and 
Kossovaya (1996) and Kosso^^ya (this volume). Westphalian. Phe basins of Lorraine (Don.simonî 
In the paralic basin.s oi western Europe, the 1981), the Netherlands (Geluk), the Ruhr 
Namurian and the Westphalian présent thick (Fiebig 1969; Josten 1991), Poland (Zdanowski 
alternations of fluvial sandsione, palcosoL coal, & Zaltowa 1995), the Czech (Üplusril Pesek 
marine, lagoonal and lacustrine claystone, deltaic this volume) and Slovak (Vozarova this volume) 
siltstone and sandstone. The flora allows to défi- Republics, the Caucasus (Chernyavsky et al. 
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Fig. 2. — The formations of the northern Peri-Tethyan Basins. 


1978) and North Turkey (Zonguldak; Kerey et 
al. 1985; Gôrur et ai 1997) are also considered 
in this study. The Donets Basin is the only 


northern Peri-Tethyan Basin, where the corréla¬ 
tion between the marine and continental 
domains has been attempted. In this basin, the 
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Fig. 3. — The formations of the Tethyan Basins. 
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Fig. 4. — The formations of the Southern Peri-Tethyan Basins. 
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flora arc closed to western Europe unes 
(Fissunenko &c Laveine 1984), but some diffé¬ 
rences could bc somctimes noted. The microflora 
présents a local bjozonation (Coquel étal 1984). 
At the boundary bcm^ecn the Wesrphalian R and 
C, a disharmony h observed in the appearance of 
species more precocious or later in the Doaets 
Basin rhan in western Europe. 1 hé base ot the 
Moscovian would be inside the Westplialian B or 
ai the base ofrhê Wesiphalian C (Fig. S). 
Corrélations are prupü.sed for the Kasiinovian- 
Gzhclian-Orenburgian and the Stephanian- 
Autunian in the northern Péri-Icthyan domain. 
The Kasimovian, tlie Gzhelian and clic 
Orenburgian show thin linie.stones in the 
Moscow Basin and rhick paralic faciès in the 
Donets Basin. The Kasimovian, the Gzhelian 
and the Orenburgian (Fig. 5) présent fusulinid, 
conodonr and coral biozoncs in the Moscow, 
Ural and Ponets Basins. Davydov (1990> 1992) 
moved the Ultradaixlna bosbytauensis biozone 
from the Asselian to the late Gzhelian- The 
houndanes of rhis biozone présent an iincertain- 
ly, becausc Davydov defined chis biozone in the 
carbonated marine fâcics of the pre-Donets Basin 
in Russia, whcreas chc Donets Basin in Ukraine 
shows lagoonal faciès without fusulinids. Then, 
Davydov (1996) put the Üaixtna sokemis and 
Uliradaixinn bo^bytanensis hiozones in the 
Orenburgian, between the Gzhdian and the 
Asselian. The boundary between the Carbo¬ 
niferous and the Permian is located at the top ot 
the Orenburgian. The Srephanian, defined in clic 
limnic basin of Saint-Étienne, was subdividcd by 
Doubinger et al (199SJ into a carly Stephanian 
(Barruelian) corresponding to the Stephanian A 
and an late Stephanian (Forezian) coricsponding 
to the Stephanian B and G with a précise biozo¬ 
nation of flora (Fig. 5). l'hc Stephanian présents 
breccia along the sides ot the basin and beustrine 
claystone and coal in the center (Becq-Giraudon 
et al. 1995, Mctcier this paper), The early 
Stephanian exhibits hygrophytic l.ycopliytes and 
Filicophytes (Pecopteris Astherolbeca lamuria- 
na^ Fig. 5) and présents Westplialian affinities. 
The lace Stephanian shows hygrophyric 
Pteridosperma-phyces and Lycophytes. 
pteris sp-, Pecopteris sp., Sphenoptens sp., Aietho- 
pteris zeillerl Sphenophyllmn angustifoUuni} and 


somc occurrences of xcrophytic plants (Auttinia 
coajeria^ Lodema mcklcsii). The biozonaçion of 
Clayton et al (1977) applies in Saint-Étienne 
wirh some occurrences of xcrophytic sporcs wirh 
Potûineisporites tiovicus and Virtatina sp. 
Alternation of hygrophyric and 'cerophjaic floras 
and microfloras are observed chroiigh the late 
Stephanian in numerous basins (Broutin et al 
1986, 1990). The basins of Lorraine (Donsimoni 
1981 ). the Saale (Schneidert ^ Gebhardt 199.5), 
Poland (Zdanowski* this paper), the Czech 
(Opiusti! this paper) and Siovak (Vozarova chis 
paper) I6:pubiics, the Caucasus (Chernyavsk}^ et 
al 1978) and North Turkey (Kerey ei al 1985) 
are also considered. In the Donets Basin (fhg. 8), 
chc hiûzonation of flora is local (Boyanna, in 
press, Izart et ai 1998) wirh some cornmon 
plants as Astherotbeca lawuriann in the lace 
Stephanian. There were alrernations of hygro- 
phytic and xerophyric flora and microflora 
{Latieina nickleshy Potorïmsptmtes novian) in the 
Orenburgian (Sfschegolcv Aisenverg et al. 
1978; Stschegolev Kozitskaya 1984; Izarf étal 
1998), The Kasimovian (Fig. 8) would be équi¬ 
valent to the early Stephanian. The Gzhehan 
(Fig. 8) would be rhe équivalent of rhe late 
Stephanian, the Orenburgian of tbe early 
Autiinian p.p. if we refer to the appearance of tbe 
xerophyric plants, or of the late Stephanian if we 
refer to rhe acme of the xerophyric plants. The 
beginning of the sédimentation in rhe 
Stephanian and Autunian Basin.s thar dépends on 
cheir tccconic openLng will bc heterochronous in 
western Europe. 

Corrélations arc proposed between rhe marine 
and continental Early Permian in the northern 
Peri-Tcthyan domain. The marine Early Permian 
was defined in the Ural Basin (Chuvashov 1993). 
The Asselian, the Sakmarian, the Artinskian 
Stages hâve a carbonate faciès wbeieas lhe 
Kungurian is evaporiiic. Bioz.ones ot fusulinids, 
conodonts and corals were defined (Fig. 8). The 
new Permian chrono.stradgraphic subdivisions 
(Yugan 1996; Yugan étal 1997) were urilized. In 
the Moscow Basin, the Asselian is carbonated 
and in rhe Donets Basin, the Asselian and rhe 
Sakrnprian exhibit red claystone and evaporites. 
The Autunian, defined in the limnic basin of 
Aucun (Fig, 5), shows fluvial sandstone and 
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Fig. 5. — Biostratigraphy and chronostraligraphy of the northem Peri-Tethyan Basins. 1, Izart (this paper); 2, Bouroz et ai (1978); 3. Laveine (1987), Broutin (this paper); 4. Clayton 
étal. 0977). Coquet & Broutin (this paper); 5, Fissunenko & Laveine (1984), Stschegolev & Broutin (this paper); 6. Coquet étal. (1984), Inosova et ai (1976), Broutin (this paper); 7, 
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Fig. 7. — Biostratigraphy and chronostratigraphy of the Southern Peri-Tethyan Basins. 1, Izart (this paper); 2, Deleau (1951). Owodenko (1976); 3, Deleau (1951), Nedjari (1982), 
Desîeucq étal. (1988), Broutin & El Wartiti (this paper): Aassoumi (1994): 4, DoubingerA Fabre (1983), Aassoumi (1994); 5. Lys (1988), Nedjari (1982), Massa & Vachard (1979), 
Kora (this paper); 6, Owens & Turner (1995); 7, Love (1994). 
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lacustrinc claystone with xerophytic Rora and 
microfloni {Autinitn coïifertiu Rhnchiphyllum 
schenkii^ Potonieisporites sp., Vittatiria sp.)- The 
Saar-Nahe Basin présents red fluvial sandsrone 
and lacustrinc black shalc (Stapf 1997). The 
Saalc Basin in Gcrmany (Schneider Gebhardt 
1993', Schneider et al. 1994, 1995; Schneider 
1996; Schneider & Rosslet in press) exhibics rwo 
informai liihological uniis named early and late 
‘'Rodicgend'\ ’l he early '‘Roiliegend" includes 
grey conglomérâtes and sandstones tliai would 
bc dated to the Aurunian by plants {Auiunia 
confena) and die lare "Rodtegend" red conglo¬ 
mérâtes and sandstones chat woiild bc dared to 
the Saxonian by cracks ot rcprilc. The boundary 
of thèse Linirs présents an incertitude bervveen the 
basins of North Ciermany and the Saale 
(Menning 1995). The busins of Poland 
(ZdanowskJ this paper), chc Czcch (Oplustil this 
paper) and Slovak (Vozarova chi.s paper) 
Republics are al.so considered. In chc Donets 
Basin (hig. 5), the llora and microflora of the 
Asselian and Sakmarian Stages are xerophytic 
(Inosova et ai 1976) with AiUunla conferta^ 
PotonkhpQritci sp. and Vittdivut sp. The climate 
changed from a humid tropical to a dr)' tropical 
climate (Parrish 1995). According to Schneider 
et al. (1994, 1995), the Karramysh, Nikituvsk 
and Slavjansk formâiions would be équivalent to 
chc early ‘*Rotlicgcnd” and the Krâmatorsk for¬ 
mation to the late '^Rotliegend'' with some incer¬ 
titudes. The Asselian would correspond to the 
Aucunian p.p. and the ^Sakmarian, Aninskian and 
Kungurian lo the Saxonian (Fig. 8). 

Coffclations arc proposed in ihc Tcdiyan (Fig. 6) 
and .Southern Peri-d'ethyan domains (Fig. 7). The 
Bashkirian and Moscovian are dated hy fusuli- 
nids in the paralic basin of clie Canrabrian zone 
in Palcncia (Lys 1988a) and in the central 
Asturias (Granados et al. 1985), the limestones 
of the Picos de Curopa (Villa 1985; Villa et al 
1993), Tuscany (Vai 199 R 1994; Pasini & Vai 
1997), castern Elbourz (Jenny et ai 1978; jenny- 
Deshusses 1983), Mezaril, Algeria (Nedjari 


Fig. 8. — Corrélations of the continental and marine Uate 
Carboniferous and Early Permian of the Tethyan and Peri- 
Tethyan Basins. Oblique lines; uncertainty. 
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1982; Lys 1988a), 'lunisia (Lys 1988b), Turkey 
(Monod 1977; Lys 19SSa), Libya (Massa & 
Vachard 1979; Vachard et ai 1993), Lgypt (Kora 
1995), Syria (Al Youssef &c Aycd 1992). The 
Garnie Alps (Stbënlaub 1992; lO’aiacr 1993; Vai 
1991; Vai 6c VenTurljii 1997; Kraincr & 
Davydov, chis volume} presenr only ihc late 
Moscovian. Some marine bands daced ro the 
Moscovian are known in Mor(»cco, Jerada 
(Owodenko 1976) and in Algeria, Bechar 
(Deleau 1951). The Kasimovian is found eve- 
r)^here cxccpt in Algeria (Bechan. Mezarif). The 
Gzhelian and the Orenburgian are found eve- 
rywherc except in Spain, Algeria (Bechar, 
Mezarif) and Southern Tunisia (Lys 1988b). The 
marine Early Permian is found everywhere except 
in Spain^ Algeria (Bechar, Mezarif) and Libya 
(Ghadames). The marine faciès of the Late 
Carboniferous and Early Permian are unknown 
in Saiidi Arabia. In Oman, the Early Permian 
présents marine and continental Icvcls (Broutin 
et ai 1995; yVngiolini 1997). 

The Wesrphalian is paralic in central Asrurias, in 
Jerada (Morocco) and in Bechar (Algeria). The 
hygrophyric flora and microtlora arc dated the 
Westphalian A to D in cenlral Asturias (Leyva et 
ai 1985a, b, c; Granado.s et uL 1985; Saenz de 
Santa Maria et al. 1985; Wagner ôc Alvarez 
1991) and in Jerada (Owodenlvo 1976; Desreucq 
et ai 1988; l/art 1991), the Westphalian C and 
D in Bechar (Deleau 1951; Coqucl et al, 1988). 
Elsewhcrc the base of the Moscovian could be 
located in Spain insidc the Westphalian A or B 
(Wagner & Bowman 1983: Granados et al. 
1985; Le)^a et al. I985a, b, c; Martinez Dias et 
al. 1985; Ginkel & Villa 1996), and in Algeria at 
the base of the Westphalian C (Lys 1988a) as in 
eastern Europe, but lhere is an objection; an eus- 
taric evenr is synchrortous everywhere in the 
World, or vhe appearance of plants in the 
Westphalian of Spain présents a disharmony. Tn 
Libya (Massa et ai 1980; Coquel étal, 1988), in 
Saudi Arabia (Owens ôc Turner 1995), in Oman 
(Love 1994) as in Gondwan;iland, a xerophytic 
microflora wirh Potoniehparites sp. is known in 
the Westphalian D. 

In the Cantabrian zone in Palencia, Bouroz et al. 
(1972), Wagner 6i Wlnklei-Piins (1985, 1991, 


1993) defined the Cantabrian and the 
Stephanian in the interval attribured by Lys 
(1988a) to the late Moscovian (Myachkovian) 
and the K;tsimovian. The comparison between 
the flora and microflora (Coqucl ô: Rodriguez 
1995) does not allow to diflerentialc ihe 
Cantabrian and the Stephanian. l’he prccocious 
recconic opening ol the basin of the Cantabrian 
zone in Palencia would cxplaln the presence of 
cbe Cantabrian in rhis basin and its absence in 
tbc Saint-Étienne Basin. The lower part of the 
Cantabrian could bc connected with rhe 
Westphalian D and tbe upper paj’C wkh the early 
Stephanian. In the Garnie Alps, Krainer (1993) 
reported in the Kasimovian and the Gzhelian 
hygrophytic flora dated to rhe Stephanian 
[Pecoptem sp., Sphcnophyllnm sp.). In Morocco, 
hygroph)’tic plants dated to the late Stephanian 
exist in the High Arias (Beauchamp et al, 1986; 
Doubinger &c Roy-Dias I98S, 1986; Aassoumi 

1994) , In Oman, Love (1994) described micro- 
riora Microhiiculispora known in the 
Gondwan-aland. The équivalence between the 
Kasimovian-Gzhelian and the Stephanian is esta- 
blished in the Tethyan domain, but not in ihe 
Southern Peri-Tethyan domain. 

The Autunian présents xerophytic plants 
{Aiitunia eonferta) in the Garnie Alps (Krâiner 

1993) and in Spain wherc in addition the 
Saxonian exists (Martinez-Gai'cia 1991). 4 he 
Autunian and the Saxonian cxhibii xerophytic 
flora and microflora with Lodevia aicklesii., 
Rhacbiphyllum schctikti, Poioriieisporites sp. and 
Vittatïna sp. in central Morocco (Broutin et al. 
1987; El Warcitl et al. 1986, 1990; Aassoumi 

1994) . Doubinger 6c Fabre (1983) arrributed to 
the Autunian a microflora with Tarispara sp., 
Potottlehporites at the top ot the Bechar Sériés, 
lu Oman, Love (1994) distinguished the biozone 
Cycadopiîes ro the Asselian and Sakmarian 
and the biozone Kbtgiacolpues dated to the late 
Sakmarian to Kungurian, known in Gondwana- 
land. In the Salr Range (Pakistan), the biozone 
Cycadopîtes (Iqbal 1993 and this volume) was 
found at the base of the Waccha Formation, cor- 
responding to the Sakmarian-Artin.skian interval. 
Every'where, the correlatlon.s arc imprécise bet- 
ween the marine and continental Peirnian. 
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LATITUDINAL CORRELATIONS 

The stratigraphie corrélations provided by the 
plants of the continental domain will dépend on 
the latitudinal location of each domain. 
Following the position, of the continents accor- 
ding to Scocese & McKerrow (1990), chis hypo- 
chesis can be tested on the basis of the relations 
between the hygrophytic plants and rhe equaro- 
rial-humid tropical climate and between the 
xerophytic plants and the dry tropical-desert cli¬ 
mate. The géographie zonation of climate has 
been described in ccrm of floral biomes for the 
Early Permian (Sakmarian) and Late Permian 
(Kazanian) by Zicgler (1990) and Ziegler et ai 
(1997). The biomes arc: (1) équatorial and tropi¬ 
cal everwet, (2) tropical and subtropical summer- 
wet, (3) Coastal and inland tropical desert, (4) 
winterwet, (5) western and easteru warm tempe- 
rate, (6) western and eastem cool temperate, (7) 
midlaritude desert, (8) cold temperatc, (9) arceic 
and (10) glacial. This approach has been adapted 
from a climate study of the Recent. The sédi¬ 
ments gave âlso informations about rhe cliraates: 
coal in various climates (cold to tropical), reef in 
tropical climate, evaporitc in dry tropical or 
desert climate, cillites in cold climate. Numetous 
paleoclimate sçudies exist for the Permian: 
Parrish (1995), Kutzbach & Gailimore (1989), 
Kutzbach ôc Ziegler (1993), Barron & Fawcett 
(1995); Crowell 1995. Ali these scudies exhibit 
from Late Carboniferous to Trias an increase of 
the aridiry in the humid tropical zone, that wâs 
explained by the perfect symmetry of the conti¬ 
nental surfaces ac the equator, that implied a 
warm and dry climate with monsoons. In the 
northern Peri-Tethyan domain, the location of 
western and easfern Europe was between the 
equator and 5“N during the Westphalian, bet¬ 
ween 5°N and 10‘^N during the Early Permian 
(Fig. 1). AU the basins werc located inside the 
same latitudinal zone and the latitudinal corréla¬ 
tions are excellent. The Westphalian présents 
hygrophytic plants and coal in rhe everwet 
biome, rhe vStephanian alternation of hygrophy¬ 
tic and xerophytic plants (Saint-Etienne, Saale, 
Donets) and alternation ol red beds and grey 
beds with coal (Lorraine, Saale, Czech Republic, 
Slovakia, Donets) explained by period of mon- 


soon in rhe summerwet biome. The Autunian 
exhibits xeroph)nic plants growing on the slopes 
ol basins and alternation of red beds and lacustri- 
ne black shale (Autun, Lorraine, Saar-Nahe, 
Saale, Czech Republic and Slovakia) or coal 
(Donets) in rhe summerwer biome. The 
Saxonian présents xerophytic plants, red beds, 
calcretes and evaporites (Saale, Czech Republic, 
Slovakia, Donets, Russian platform) in the sub¬ 
tropical desert biome. 

lu the Tethyan domain (Fig. 1). Spain, Iraly and 
the Garnie Alps were located ut 5°S during che 
Westphalian and Stephanian and at the equator 
during the Early Permian. U'he Westphalian and 
Stephanian présent hygrophytic plants and coal 
in the everwet biome, the Aurunian xerophytic 
plants growing on the slopes of basins and red 
beds in the summerwet biome, the Saxonian 
xerophytic plants and red beds in the subtropical 
desert biome in spite of irs location ac the equa- 
cor. The présence of this subtropical biome ac rhe 
equator can be explained by the perfect symme- 
cry of the continental surfaces at the equator 
(Parrish 1995). The corrélations are excellent 
between the northern Peri-Tethyan and Tethyan 
domains. Fhe présence ol two opposite climates 
at the equator during the Westphalian and the 
Early Permian makes the corrélations casier, 
lu the Southern Peri-Tethyan domain (Fig. 1), 
North Africa was located at 10*^5 during rhe 
Westphalian and at the equaior during the Early 
Permian. Libya, Eg)'pt and Saudi Arabia were 
located ar the 25°S during thé Westphalian and 
20°S during the Early Permian: Oman and the 
Sait Range were located at 50°S during the 
Westphalian and at 40®S during the Early 
Permian. In North Africa, the Westphalian and 
the Stephanian présent hygrophytic plants and 
côal in the êverwet biome, the Aurunian xero- 
phytic plants growing on che .slopes of basins and 
red beds in the summerwet biome, the Saxonian 
xerophytic planrs aqd red beds in the subtropical 
desert biome in spite of its location at the eqüa- 
tor and for the same reason as the Tethyan 
domain. Tn Libya, Egypr and Saudi Arabia, che 
plants were xerophytic during che Westphalian 
and the Early Permian. In Oman and the Sait 
Range as in ail Gondwanaland, the plants lived 
in a cool to temperatc climate. These different 
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latitudinaJ locations make the corrélations diffl- 
cult betwccn Europe and GondwanaJand. 
During the Late Carboniferous and Early 
Permian. three realms are dePuied (Ziegler 1990): 
the tropical Cathaysian (biome I) in China and 
Euramerican-Atlantic in Europe and Norih 
America (biome 1 during Carboniferous and 
biomes 2 and 3 during Permian) realm, the 
North temperatc Angaran rcalm (biomes 4 ro 8) 
in Siberia and rhe Southern temperate 
Gondwanan realm (biomes 5 lo 10) in 
Gondwana. Biome 1, represented by tropical 
rainforests populared by arborescent hygrophytic 
flora, was known in China during che 
Carboniferous and Permian and in Europe and 
North America during chc Late Carboniferous. 
Biome 2 was represented by Catltpkrh and pri¬ 
mitive conifers ( Wulchia) during rhe Early 
Permian in Europe. North Airica and Norrh 
America. Biome 6 was represenred by Glossopteris 
and Biome 8 by Gangamopteru in Gondwana. 

CORRELATIONS FOUND ON THE 
SEQUENCE STRATIGRAPHY 

A sequcnce stratigraphy of rhe Carboniferous 
and Permian was builr by Ross Ross (1987. 
1994, 199S), Second orden third order (Figs 5^ 
7), fourth order and high frequency sequences 
were defined in eastern Europe in Moscow Basin 
(Briand et al. 1998), the Donets Ba.sin (Izart ei 
ai 1996 and 1998) and the Central Ural Basin 
(Izart et aL 1998), and in the western Europe in 
paralic and limnic basins (Izart bc Vachard 
1994), in che foreland basin of Asturias and in 
the rift basin of ihe Garnie Alps (Samankassou 
1997; Vai & Venturini 1997; Krainer Ôr 
Davydov. this volume), in the intraconcinental 
basins or the marine platform of North Africa 
(Izart 1991). 

For the Late Carboniferous, the same number of 
third order and second order sequence.s was 
found in the Moscow and Donets Basins and a 
different number in western Europe. In rhe 
Moscow and Donets Basins, the Moscovian, 
Kasimovian and Gzhelian-Orenburgian deposits 
each form a second order sequence, the 
Moscovian is subdivided into four third order 


sequences*. the Kasimovian into three or four 
sequences and the Gzhelian-Orenburgian into 
four or five sequences. In western Europe, the 
Wesephalian présents four third order sequences, 
the Siephanian two, che Autunian one, the 
Saxonian one. The number of sequences is diffe¬ 
rent from Ross 6c Ross (1987), who used fourth 
order sequences. In eastern Europe, they rcsulted 
from rhe eustacy thar produced synchronous 
sequences and rectonics. In western Europe, the 
sequences are tectonically controlled and herero- 
chronous wich eastern Europe. 

For rhe Lare Carboniferous, the fourth order 
sequences (FOS, 400 000 y.) and high frequenc}' 
sequences (HFS, 40 000 y. to 250 000 y.) are 
variable everywhere, as shown by Izart 6c 
Vachard (1994) and rhese results: for Moscovian, 
eleven FOS and forty HFS in Moscow and cigh- 
reen FOS and one hundred HFS in Donets; for 
Kasimovian, elghc FOS and twenty HFS in 
Moscow, seven FOS and twenty-six HFS in 
Donets; for Gzhelian-Orenburgian, nine FOS 
and twenty-four HFS in Moscow, sixteen FOS 
and fifty-rwo HFS in Donets; for Westphalian, 
ten FOS in western Europe and for Westphalian 
C, four FOS and sixteen HFS in Hngland; four 
FOS and forty HFS in North France and 
Germany. Fhc number of FOS is diflcrent trom 
Ross 6c Ross (1987) and the number is variable 
everywhere. In the Moscow Basin, eustacy pre- 
vails ccrtainly over tectonics and in the Donets 
and western Europe Basins, tectonics prevail over 
eustacy. The average duration of HFS in rhe 
Moscow and western Europe Basins is near rhe 
pcriodicity of cccentricity (100 000 y.) and in vhe 
Donets Basin near the pcriodicity of obliquity 
(40 000 y\). Hü\vevcr, a better accuracy of time 
by radiüchronology is nceded to calibrâte these 
sequences. 

The Early Permian deposits in Central Ural form 
two second order sequences, one during Asselian 
and one during the Sakmarian and Ai'tinskjan, 
five third order sequences for che Asselian, three 
for che Sakmarian, rwo composite for Arrinsldan 
and one composite for the Kungurian. The Early 
Permian deposits in the Donets Basin form one 
second order sequence during the As.selian and 
the Sakmarian, three third order sequences 
during the Asselian and one during the 
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Sakmarian. The number of séquences is weakiy 
different from Ross & Ross ( J 987, 1994, 1995): 
five for Asselian, four or five for the Sakmarian, 
three or loin lor the Artinskian and une compo¬ 
site or two for ihe Kungurian. The&t sequences 
are comrolled by eusiacy and tecronics in the 
Ural foreland Basin and the Donets Basin. 

For the EarJy Permîan, the fourth order 
sequences (FOS) and high frequency sequences 
(HFS) are variable everywhere: for die Asselian, 
eleven FüS and cighreen HFS in Donets and a 
number superior to rweiuy-four HFS in Central 
Urals; for Sakmarian. nineiy-two FIFS in Central 
lirais; for the carly Artinskian (Bursevkian- 
Irginian)) seventeen HFS in Central Lirais, l'hese 
sequences are controlled by eustacy and tecto- 
nics. The average duration of HFS is near the 
periodicic)' of eccentricity (100 000 y.). 

Fhe tectonic control was important in the 
Asturias and ihc eustade control rule.s over in the 
Carnic Alps. The sequences are hecerochronous 
in the Asturias and synchronous with eastern 
Europe in the Carnic Alps, The tecronics prei^ails 
in the canrinenral basins of Morocco, the eusracy 
in the marine basins in Morocco, Algeria, 
Tunisia, l .ibya and Egypt. These sequences of the 
Southern Peri-Tethyan domain are heterochro- 
nous in the intracontincntal basins and synchro¬ 
nous with eastern Europe in the mâtine basins. 
The beginning ol the sédimentation in the conti¬ 
nental stages of the Late Carboniferous and Early 
Permian are hcterochronous according to the tec¬ 
tonic phases affecting each basin, even though it 
is synchronous in the marine stages rhar are 
Linder the control oi the eustacy. 

CONCLUSION 

Stratigraphie corrélations (Fig. 8) are proposed 
betw^een the marine and continental faciès in the 
northern Pcri-lethyan, Tethyan and Southern 
Peri-Tcthyan domains. The base of the 
Moscovian would be locaccd between the late 
part of the Westphalian B and tlie base of the 
Westphalian C in the northern Peri-Tethyan 
domain, berween the bases of the We.stphalian A 
and C in the Tethyan domain, at the base of rhe 
Westphalian C in the Southern Peri-Tethyan 


domain. The Moscovian would be équivalent to 
rhe Westphalian C and D in rhe northern and 
Southern Peri-Tethyan domains and ro an impré¬ 
cise time interval (Westphalian A to Cantabrian 
fi.fi.) in rhe Tethyan domain. The Kasimovian 
would correspond lo rhe early Stephanian in rhe 
northern Peri-Tethyan domain, to the Canta¬ 
brian p.j}. and tbc early Stephanian in the 
Terkyan domain. The équivalence berween che 
Kasimovian and the early Stephanian is not esta- 
blishcd in rhe Southern Peri-Tethyan domain. 
The Gzhelian would be équivalent to the late 
Stephanian and the Orenburgian to rhe lower 
part of the Aiitunian in the northern Peri- 
Tethyan domain with an unceruinty, because we 
can choose eicher che appearancc of xcrophycic 
plants, or che acme for rhe définition of che base 
of rhe Autunian. In ihe Carnic Alps* rhe 
Gzhelian would be cquivalenc to rhe late 
Stephanian. The équivalence between ihe 
Gzhelian and che late Stephanian is not esrabli- 
shed in che Southern Peri-Tethyan domain. 1 he 
marine Early Permian would be équivalent to rhe 
continental Early Permian in ail rhe domains, rhe 
Autunian and the Saxonian remain difficult to 
separate, A laricudinal good corrélation is obser- 
ved on the continents except near Gondwana- 
land. A good corrélation linked with the eustacy 
is observed in rhe marine domain and a hetero- 
chrony in the beginning of rhe sédimentation 
linked with the tecronics is reported in the conti¬ 
nental domain. 
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APPENDIX 1 

Lare carboniferous and Early Permian logs and tables. 
Northern Peri-Tethyan Basins (logs T36); Tethyan Basins (logs 37-49); 
Southern Peri-Tethyan Basins (logs 50-62). 



Map. — Location of the logs or sections presented in the appendix 1. Map realized by the Peri-Tethys cartographie team. Pakistan 
table (62) is not located on the map. 1. log or section: 2, synthetic log or section. 
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Log. 1. — Late Carboniferous of the Saint-Étienne Basin, coordinated by Mercier and Broutin. 1, Mercier (this paper); 2. Broutin (this 
paper). Saint-Étienne. France, 4“24’E - 45“27’N; Firminy, ex-SW, 4“15'E - 45“24‘N: La Fouillouse. ex-NW, 4®19'E - 45"30'N: W 
Saint-Chamond. 4-'30’E - 45'''29’N: Rlve-de*Gier, ex-NE, 4°37’E - 45°31’N. 
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2. — Autunian of the Autun Basin, coordinated by Broutin, after Broutin étal. (1996). Autun, France, 4°30’E - 
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LATE CARBONIFEROUS OF THE LORRAINE BASIN 



Log. 3. — Late Carboniferous of the Lorraine Basin, coordinated by Donsimoni, Laveine and Coquel, Sainte-Fontaine, 6°48’E 
49“30’N. 1, Donsimoni (this paper); 2, Laveine (this paper); 3. Coquel {this paper). 
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LATE CARBONIFEROUS OF THE LORRAINE BASIN 
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Log. 5. — Late Carboniferous of the Lorraine Basin, coordinated by Donsimoni, Laveine and Coquel, La Houve, 6®38’E - 48‘’45’N. 
1, Donsimoni (this paper); 2, Laveine {this paper); 3, Coquel (this paper). 
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WESTPHALIAN C-D OF THE NORTH FRANCE COAL BASIN 


4th order 3rd order 2nd order 


Marine 

band 


Tonstein [ Goniatiles ' Macroflora j PalynomorpI itern European | 



WESTPHALIAN B 


Log. 6. — Westphalian C and D of the North France Basin, coordinated by Izart, Laveine and Coquel. 1, Izart after Bouroz et al. 
(1964): 2, Laveine {this paper); 3, Coquel (this paper). Hénin, North France, 3°E - 50°30’N. 
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THE NETHERLANDS COAL BASIN 
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Log. 7. — The Netherlands coal Basin, coordinated by Gelük, after Gelük (1997). Tubbergen-8, 6®53’E - 52°26’N. 
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LATE CARBONIFEROUS OF THE NORTHERN ENGLANO BASIN 



Log. 8 — Late Carboniferous of the Northern England Basin, coordinated by Izart, Izart (this paper) after Ramsbottom et al. (1978). 
Stafford. North England, 2°W • 52°50’N. 
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Log. 9. — Germany Basins. Westphalian of the Ruhr coal Basin, coordinated by Süss after Fiebig (1969) and Josten (1991). 
Lippermulde 1, Ruhr, Germany, 6°52'E - srST’N. 
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WESTPHALIAN D OF IBBENBÜHREN/OSNABRÜCK AREA (GERMANY) 
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Log. 10. — Germany Basins. Westphalian of the Ibbenbühren/Osnabrück area coordinated by Süss, after Josten (1991) 
Ibbenbühren, Osnabrück, 8°E * 52°20’N. 
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STEPHANIAN AND AUTUNIAN OF THE SAALE (EASTERN GERMANY) BASIN 
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LoG. 11. — Germany Basins. Stephanian and Autunian of the Saale (eastern Germany) Basin, coordinated by Izart, Izart (this paper) 
after Schneider & Rossler (in press); 1, Broutin (this paper); 2, Lützner (1987). Halle. NE Saale, 12°E - 51°30’N: Tambach, SW 
Saale, 10®36’E - 50^48’N. 
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Continental and marine Tethyan and Peri-Tethyan Basins during the Late Carboniferous and the Early Permian 


LAIE CARBONIFEROUS OF THE UPPER SILESIAN BASIN 



Log. 12. — Roland Basins. coordinated by Izart. Late Carboniferous of the upper Silesian Basin, Izart (this paper) after Zdanowski & 
Zakowa (1995). Katowice. Roland, 19°E - 50°15'N. 


LATE CARBONIFEROUS OF THE LUBLIN BASIN 



Log. 13. — Roland Basins. coordinated by Izart. Late Carboniferous of the Lublin Basin, Izart (this paper) after Zdanowski & Zakowa 
(1995). Lubiin, Roland, 22M5’E - 51°15’N. 


GEODIVERSITAS • 1998 • 20 (4) 


557 







Izart A. et al. 


LATE CARBONIFEROUS AND EARLY PERMIAN OF THE LOWER SILESIAN BASIN CZECH REPUBLIC 



Log. 14. — Czech Republic Basins, coordinated by Opiustit, Pesek, Martinek, Simunek & Drabkova. Late Carboniferous and Early 
Permian of the lower Silesian Basin. 1, Opiutil et al. (this volume); 2, this paper. Broumov. Czech Republic, 16"21 ’E * 50‘’35'N. 
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LATE CARBONIFEROUS IN THE CENTRAL AND WESTERN BOHEMIA 
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LoG. 15. — Czech Republic Basins, coordinated by Oplustil, Pesek, Martinek, Simunek & Drabkova. Late Carboniferous in the cen 
tral and western Bohemian. 1. Oplustil étal, (this volume); 2, this paper. Otruby, Czech Republic, 14'’06’E - 50°15’N. 
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LATE CARBONIFEROUS AND EARLY PERMIAN OF THE BOSKOVICE FURROW 


Boskovice 




Formations 


Macroflora 


Pajynomorphs 


Western European 
Stages 


50r 


1 


Upper 

red 


Rosice- 

Oslavany 




Basal red 


Walchia piniformis 
Autunia conferta 

Auîunia naumanii 

Lodevia nicklesii 

Dichophyllum 

flabellifera 

Odontopteris 

minor 

Odontopteris 

osmondaeformis 

Odontopteris 

brardii 


Sphenophyllum 

angustifofium 


Potonieisporites 

novicus 

Florinites 

minutas 


AUTUNIAN 


UPPER 

STEPHANIAN 

STEPHANIAN C 


BASEMENT 


Log. 16. — Czech Republic Basins, coordinated by Oplustil, Pesek, Martinek, Simunek & Drabkova. Late Carboniferous and Early 
Permian of the Boskovice Furrow, after Oplustil étal, {this volume). Boskowice, Czech Republic, 16®25’E - 49''10’N. 
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CARBONIFEROUS AND EARLY PERMIAN OF THE KRKONOSE BASIN 
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Log. 17. — Czech Republic Basins, coordinated by Opiustil, Pesek, Martinek, Simunek & Drabkova. Carboniferous and Early 
Permian of the Krkonose Basin, 1, Martinek étal, this volume; 2. this paper. Prosecne. Czech Republie, 15®41'E - 50°34'N. 
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LATE CARBONIFEROUS AND EARLY PERMIAN OF THE KRUSNE HORY MOUNTAINS 



Log. 18. — Czech Republic Basins, coordinated by Oplustil, Pesek, Martinek, Simunek & Drabkova. Late Carboniferous and Early 
Permian of the Krusne hoty Mountains, after Oplustil et al. (this volume). Krusne Hory, Czech Republic, 13°24’E - 50°37'N. 
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MOSCOVIAN OF THE NORTHERN GEMERIC UNIT 
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Log. 19. — Slovak Republic Basins, coordinated by Vozarova. Moscovian of the northern Gemeric unit (Slovak Republic), after 
Vozarova {this paper). Northern Gemeric, Slovak Republic, 20°30’E - 48®55’N. 
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LATE CARBONIFEROUS OF THE ZEMPLINIC UNIT 
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Log. 21. — Slovak Republic Basins, coordinated by Vozarova. Late Carboniferous of the Zemplinic unit (Slovak Republic), after 
Vozarova (this paper). Zemplinic, Slovak Republic, 21°44’E - 48°30’N. 
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AUTUNIAN AND SAXONIAN OF THE ZEMPLINIC UNIT 
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Log. 22. — Slovak Republic Basins, coordinated by Vozarova. Autunian and Saxonian of the Zemplinic unit (Slovak Republie), after 
Vozarova (this paper). Zemplinic, Slovak Republic, 21°44’E - 48°30’N. 
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Log. 23. — Slovak Republic Basins, coordinated by Vozarova. Stephanian of the Hronic unit (Slovak Republic), after Vozarova (this 
paper). Hronic, Slovak Republic, 19®58’E - 49°03’N. 


GEODIVERSITAS • 1998 • 20(4) 


567 











Izarr A. et al. 


AUTUNIAN AND SAXONIAN OF THE HRONIC UNIT 
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Log. 24. — Slovak Republic Basins, coordinated by Vozarova. Autunian and Saxonian of the Hronic unit (Slovak Republic), after 
Vozarova (this paper). Hronic, Slovak Republic, 19°58'E - 49°03’N. 
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AUTUNIAN AND SAXONIAN OF THE SOUTHERN GEMERIC UNIT 



LoG. 25. — Slovak Republie Basins, coordinated by Vozarova. Autunian and Saxonian of the Southern Gemeric unit, after Vozarova 
(this paper). Southern Gemeric, Slovak Republie, 20®18’E - ABMO’N. 
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LATE CARBONIFEROUS OF THE NORTHERN TURKEY BASIN 
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Log. 26. — Late Carboniferous of the Northern Turkey Basin, coordinated by Izart, Izart (this paper) after Gôrur et ai. (1997) and 
Kerey étal. (1985). Zonguldak, North Turkey, 3V30’E - 4n5’N. 
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LATE CARBONIFEROUS OF THE CAUCASUS BASIN 
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Log. 27. — Late Carboniferous of the Caucasus Basin, coordinated by Izart, Izart (this paper) after Chernyavsky et al. (1978) 
Labinskoe, Russia, 42°E • 44°N. 
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Log. 28. — Donets Basin (Ukraine), coordinated by Izart et al. (1996.1998). Vereian and Kashirian of the Donets Basin, 1, Izart et 
al. (1996): 2. Vachard & Maslo (this paper); 3. Kozitkaya (this paper); 4. Laveine (this paper); 5, Coquel (this paper). Boreholes 
771/849. 38"30'E-48"12’N. 
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Log. 29. — Donets Basin (Ukraine), coordinated by Izart et al. (1996. 1998), Podolskian and Myachkovian of the Donets Basin. 
1. Izart et al. (1996); 2, Vachard & Maslo (this paper); 3, Kozitkaya (this paper); 4, Laveine (this paper); 5, Coquel (this paper). 
Boreholes 771/849. 38*30’E - 48“12’N. 
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Continental and marine Tethyan and Peri-Tethyan Basins during the Late Carboniferous and the Early Permian 


KASIMOVIAN OFTHE DONETS BASIN 
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Log. 30. — Donets Basin (Ukraine), coordinated by Izarl étal. (1996,1998). Kasimovian of the Donets Basin. 1, Izart étal. (1996); 2, 
Vachard & Maslo (this paper); 3, Kozitkaya (this paper); 4. Stchegolev (this paper); 5, Broutin (this paper). Kalinovo cross-section, 
38°48’E-48°36’N. 


SEQUENCES (1)_ 



GZHELIAN OFTHE DONETS BASIN 

Conodonls 
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Macroflora 
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Streptognathodus 
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Odontopteris 
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Asterotheca 

densifolia 
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West and East Europe 
_ Stages 


Log. 31. — Donets Basin (Ukraine), coordinated by Izart et al. (1996,1998). Gzhelian and Orenburgian of the Donets Basin. 1, Izart 
et al. (1996); 2, Vachard & Maslo (this paper); 3, Kozitkaya (this paper); 4, Stchegolev (this paper); 5, Broutin (this paper). Kalinovo 
cross-section. 38''48’E - 48“36’N. 
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Izart A. et al. 


EARLY PERMIAN OF THE DONETS BASIN 


SEQUENCES ( 1 ) 

Ivano- 

darlevka 41^ 3rç| ^der 2 nd order Formations 
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Log. 32. — Donets Basin (Ukraine), coordinated by fzarl étal. (1996,1998). Early Permian of the Donets Basin. 1, Izart étal. (1996); 
2, Vachard & Maslo (this paper); 3, Stchegolev (this paper); 4, Broutin (this paper). Ivanovo-Darievka cross-section, 37°30’E - 
48^30’N. 


MOSCOVIAN OF THE MOSCOW BASIN 


SEQUENCES ( 1 ) 



2nd order 
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FusulmH 3 s( 2 ) 
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ÔSjynka 


Aljütovo 

Shatsk 


Fusuhnefia 

subpolcf^ra 

Fusulina 

scheliwieoi 

OzawaineHa 

Oigitalis 


S- concinnas 
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parvus 
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Log. 33. — Moscow Basin, coordinated by Briand et al. Moscovian of the Moscow Basin. 1, Briand et al. (1998); 2. Makhiina et al. 
(1997); 3, Goreva (this paper); 4, Kossovaya (this paper). Borehole 4K. 37°30'E - 55“N: Borehole 5K, 38°E - 55°45’N. 
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Continental and marine Tethyan and Peri-Tethyan Basins during the Late Carboniferous and the Early Permian 


SEQUENCES (1) 


KASIMOVIAN AND GZHELIAN OF THE MOSCOW BASIN 
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Log. 34. — Moscow Basin, coordinated by Briand et al. Kasimovian and Gzheiian of the Moscow Basin. 1, Briand et al. (1998); 
2, Makhlina et al. (1997); 3, Goreva {this paper); 4, Kossovaya (this paper). Boreholes 1/42, 35°50’E - 56°42’N: Borehole 7K, 
38°30’E-56°N. 
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Izart A. et al. 


SEQUENCES 


URAL(PERM) BASIN 



Log. 35. — Moscovian to Artinskian in Central Ural Basin (Perm), coordinated by Izart et al., after Chuvachov (1993). Gubakha, 
Russie, 57°30’E-58°50’N. 
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Continental and marine Tethyan and Peri-Tethyan Basins during the Late Carboniferous and the Early Permian 


LATE CARBONIFEROUS AND EARLY PERMIAN OF THE EASTERN PRECASPIAN BASIN 
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Log. 36. — Late Carboniferous and Early Permian of the Eastern Precaspian Basin (Kazakhstan), coordinated by Ensepbaev, after 
Ensepbaev (this paper). Janajol, Kazakhstan, 57°E - 50°N. 
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Izart A. et ai 


LATE CARBONIPEROUS OF THE NW SPAIN BAStNS 



Log. 37. — Late Carboniferous of northwestern Spain Basins, coordinated by Izart. 1, Bouroz et al. (1972). Wagner & Winkler-Prins 
(1985): 2, Lys {1988a): 3, Coquel (this paper); 4, this volume, La Pernia, Spain, 4°30'W - 43°N; Guardo, Spain. 4''50’W - 42'’53’N: 
Tejerina, Spain, S'^OI'W - 42°55'N: Castilleria, Spain, 4°28’W - 42'‘56'N: Barruello, Spain. 4®16'W - 42°53'N: Sabero, Spain. 5°10’W - 
42’=’50’N; Villablino, Spain, 6°10’W - 42®58’N. 
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Continental and marine Tethyan and Peri-Tethyan Basins during the Late Carboniferous and the Early Permian 


MOSCOVIAN STRATIGRAPMIC UNITS IN FOUR STRUCTURAL UNITS OF THE CANTABRIAN ZONE (SPAIN) 



Log. 38. — Cantabrian Basin (Spain), coordinated by Villa. Moscovian stratigraphie subdivisions in four structural units of the 
Cantabrian zone (Spain). 1, after van Ginkel (1965): 2, 3. Villa (this paper). Mieres, Spain, 5*47’W - 43®16’N. 
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Izart A. et al. 


KASIMOVIAN OF THE PICOS DE EUROPA (CANTABRIAN ZONE, SPAIN) 



BIOSTRATIGRAPHY 
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Log. 39. — Cantabrian Basin (Spain), coordinated by Villa. Kasimovian of the Picos de Europa (Cantabrian zone, Spain). 1, accor- 
ding to Villa (1985, modified): 2. Villa (this paper). Picos de Europa. Spain. 4°50’W - 43°15’N. 
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Continental and marine Tethyan and Peri-Tethyan Basins during the Late Carboniferous and the Early Permian 


MOSCOVtAN OF THE S TUSCAN SHELF 

SEQUENCE 



EARLY PERMIAN OF THE S TUSCAN SHELF 



Log. 41, — Italy Basins, coordinated by Pasini & Vai. Early 
Permian of the Southern Tuscan shelf, Pasini & Vai (1997). 


Log. 40. — Italy Basins, coordinated by Pasini & Vai. Moscovian 
of the Southern Tuscan Shelf, Pasini & Vai (1997). 


SEQUENCES MOSCOVIAN OF THE S TUSCAN BASIN 



Log. 42. — Moscovian of the Southern Tuscan Basin, Pasini & Vai (1997), Borehole PC33b (Tuscany, Italy). 
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Izart A. et al. 


MOSCOVIAN OF THE CARNIC ALPS (Pramollo Basin) 

SEQUENCE 



Log. 43. — Austria boundary, coordinated by Vai, Pasini & Venturi. Moscovian of the Garnie Alps (Pramollo Basin). Pasini (this 
paper). 


KAStMOVIAN AND EARLY GZHELIAN OF THE CARNIC ALPS (Pramollo Basin) 

SEQUENCES 



Log. 44. — Austria boundary, coordinated by Vai, Pasini & Venturi. Kasimovian and early Gzhelian of the Garnie Alps (Pramollo 
Basin), Vai & Venturi (1997). 
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Continental and marine Tethyan and Peri-Tethyan Basins during the Late Carboniferous and the Early Permian 


LATE GZHELIAN OF THE CARNIC ALPS (Pramolto Basin) 

SEQUENCES 



LoG. 45. — Austria boundary, coordinated by Vai, Pasini & Venturi. Late Gzhelian of the Garnie Alps (Pramollo Basin), Vai & Venturi 
(1997). 


SEQUENCES 


EARLY PERMIAN OFTHE CARNIC ALPS (Pramollo Basin) 



Log. 46. — Austna boundary, coordinated by Vai, Pasini & Venturi. Early Permian of the Garnie Alps (Pramollo Basin), Vai & Venturi 
(1997). 
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Izart A. et al. 


SEQUENCES 
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D. ex gr. admirabilis 

Schagonella spp. 


Pseudofusulina 

multiseptata 


Daixina alpina 
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Sigillaha brardii 
Sphenophyllum 
oblongifolium 


Pseudo- 

manopteris 

busquetii 

Sphenophyllum 

oblongifolium 


Sphenophyllum 

angustifollum 
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LoG. 47. — Austria boundary, coordinated by Krainer & Davydov. Late Carboniferous of the Garnie Alps, Krainer {this paper). 
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Continental and marine Tethyan and Peri-Tethyan Basins during the Late Carboniferous and the Early Permian 


SEQUENCES 


EARLY PERMIAN OF THE CARNIC ALPS 



Log. 48. — Austria boundary, coordinated by Vai, Pasini, Venturi, Krainer & Davydov. Early Permian of the Garnie Alps, Krainer (this 
paper). Auernig, Garnie Alps, 13“17’E -46°33’N; Trogkofel, Garnie Alps. 13“13’E - 46”35’N, 


LATE CARBONIFEROUS AND EARLY PERMIAN OF IRAN BASIN 



Log. 49. — Late Carboniferous and Early Permian of eastern Elbourz Basin (Iran), eoordinated by Jenny & Jenny-Deshusses, after 
Jenny & Jenny-Deshusses (this paper). Gheseighaieh, Iran, 53°E - 34°N. 
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Izart A. et al. 


LATE CARBONIFEROUS AND EARLY PERMIAN OF THE CENTRAL MOROCCO BASIN 


Tiddas 
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Ait Ziffa 
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SAXONIAN 
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Odontopteris sp. 
Pecopteris sp. 
Sphenophyllum thonii 
Sphenophyllum costae 


LATE 

STEPHANIAN 


Log. 50. — Morocco Basins: Late Carboniferous and Early Permian of the Central Morocco Basin, coordinated by El Wartiti and 
Broutin, after El Wartiti & Broutin {this paper). Ait Ziffa, 7°30’W, 31"’27’N: Bou Achouch, 5°44’W, 33°42’N: Khénifra, 5°40’W, 33°N; 
Tiddas, 6°16’W, 33°34’N: Haouz. 7°10’W, 32°N. 
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Continental and marine Tethyan and Peri-Tethyan Basins during ihe Late Carboniferous and the Early Permian 


WESTPHALIAN C OF THE MOROCCAN BASIN 


SEQUENCES 



Log. 51. — Morocco Basins: Westphalian of the eastern Morocco Basin, coordinated by Izart, after Izart (this paper). Jerada, 2°\N 
34°30’N. 
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Pél. rouaes 



Potonieisporites 
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Log. 52. — Westphalian of the Southern Algeria Basins, coordinated by Izart, after Nedjari (1982). Kenadza, Southern Algeria, 2°W 
3r45’N: Mezarif. Southern Algeria. 1°45’W - SIMS’N. 
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Izan A. et al. 


LATE CARBONIFEROUS AND EARLY PERMIAN OF THE SOUTH TUNISIA BASIN 


S Tunisia 



Formations 

( 1 ) 


Fusulinids 

( 2 ) 


Palynomorphs 


Eastern European Stages 
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StaffeHidae 


Sphaeroschwagerina 

sphaerica 

Sphaeroschwagerina 

moelleri 


Thticites sp. 


Fusulina cf. cfistenta 
Hemifusufina elliptica 
Hemifusulina kashirica 
Hemifusulina moelleri 
Aljutovella postaljutovlca 


no data 


ARTINSKIAN 

SAKMARIAN 


ASSELIAN 


KASIMOVIAN 


Myachkovian , 


PnriQLcyldan 


Kashlrian 


MOSCOVIAN 


BASHKIRIAN 


Log. 53. — Laie Carboniferous and Early Permian of the Southern Tunisia Basin, coordinated by Massa and Lys. 1, Massa (this 
paper): 2, Lys (this paper). Kirchaou, 10'’40'E * 33''N. 


LATE CARBONIFEROUS AND EARLY PERMIAN OF THE GHADAMES BASIN 
Ghadames 


Formations 
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Fusulinids 
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Palynomorphs 
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_ Stages 
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Profusulinella cf. 
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Tohspora sp. 

Laevigatosporites sp. 
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Podolskian 
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BASHKIRIAN 


Log. 54. — Libya Basins, coordinated by Massa, Vachard and Coquel. Late Carboniferous and Early Permian of the Ghadames 
Basin (Libya). 1, Massa (this paper): 2, Vachard (this paper): 3, Coquel (this paper). Ghadames. Libya, 10°30’E - 29®N. 
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LATE CARBONIFEROUS AND EARLY PERMIAN OF THE CYRENAlC BASIN 


A1-19 


nzzc 


Formations 

( 1 ) 


A1NC92 


Al-37 



Fusulinids 

(2) 

Palynomorphs 

Eastern European 
Stages 

not described 


EARLY 

PERMIAN 

Al-37 



Noûosana et 
sh'tkhanica 

Sîrotersporites indicus 
Protohaploxypinus goraiensis 

GZHEUAN 


Plicatipollenites malabarensis 

MOSCOVIAN 

Sy^rania ùeHa 
Schuberieffa obscura 
(mosquensts) 
Eostaffelia acuta 

Cannanoropoiris janakii 

early 

BASHKIRIAN 


Log. 55. — Libya Basins. coordinated by Massa. Vachard and Coquel, Late Carboniferous and Early Permian of the Cyrenaic Basin 
(Lybia). 1. Massa (this paper): 2. Vachard étal. (1993). Al-37 borehole:), 22°53'E - 30°44'N: A1NC92 borehote, 22°08’E - 3rN: A1- 
19 borehole, 23'’40’E - 3rN. 


LATE CARBONIFEROUS AND EARLY PERMIAN OF THE NORTH EAST EGYPT BASIN 
SEQUENCES 



Formations 

Foraminifera 

Conodonts 

Corals 

Brachtopods 

Macroflora 

Eastern European 
Staaes 








KUNGURIAN 








ARTINSKIAN 


Aheimer 




Phipidomella 

cordialis 

Cordaltes sp. 

SAKMARIAN 






CaUipteris 

conferta 

ASSELIAN 



Hemigordius 

harltoni 

Streptognathodus 

spp. 

Bothrophyllum 

pseudoconicum 

Anthracospirifer 

sp. 


GZHELIAN 


Abu Durba 


Idiognathodus 

Neognathodus 


Naospirifer 

cameratus 

Calamites sp. 

KASIMOVIAN 


Glomospira 

Ncdosinella 




MOSCOVIAN 


NE Egyptl 




Log. 56. — Late Carboniferous and Early Permian of the northeastern Egypt Basin, coordinated by Kora, after Kora (1995). Abu 
Durba, Egypt. 33'’18'E - 28°35’N: Wadi Aheimer, Egypt, 32^23’E - 29‘’30’N. 
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LATE CARBONIFEROUS AND EARLY PERMIAN OF SOUTHERN TURKEY 
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1 1 
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, 1 , 



— * [ ^ — 

1^1 
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Formations 

(1) 

Foraminifera 

(2) 

Eastern European 
Stages 

Cevizli 

Limestone 

Sphaeroschwagerina sphaerica 
Quasifusulina cayeuxi 

Tubiphyîes obscurus 

ASSELIAN 

Daixina sokensis 

ORENBURGIAN 


Triticites sp. 

GZHELIAN 


Fusulina paradistenta 

KASIMOVIAN 

Quartzites 

Fusulina ci. cylindrica 

MOSCOVIAN 


Aljutovella sp. 

Staffellaeformes staffellaeformis 


Log. 57. — Late Carboniferous and Early Permian of the Southern Turkey, coordinated by Monod. 1, Monod (1977); 2, Lys (1988). 
Bademli, Southern Turkey, 32°E - 37°30’N. 


LATE CARBONIFEROUS AND EARLY PERMIAN OF SYRIA 


Syria 

Formations 

Fauna - Flora 

Eastern European 
Stages 


Heil 
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PERMIAN 

— — 

— — 
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— — 
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Sawanet 
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Log. 58. — Late Carboniferous and Early Permian of Syria, coordinated by Izart, after Al Youssef & Ayed (1992). Sawanet 2, Syria. 
38"E-34‘^10’N. 
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PERMIAN OF ISRAËL BASIN 


Bakhtesh 
Qatan 2 


Group 


Formation 


Palynomorphs 
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10 
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Lophotriletes novicus 
Vittatina costabilis 

Protohaploxypinus 

microcorpus 

Laevigatosporiies 
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AUTUNIAN 


Log. 59. — Permian of Israël Basin, coordinated by Weissbrod, after Weissbrod (this paper). Well Bakhtesh Qatan 2, 35°E - 31 °N. 


LATE CARBONIFEROUS AND EARLY PERMIAN OF SAUDI ARABIA 
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Formations 
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ARTINSKIAN 
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Thymospora obscurs 
Torispora granulata 
Punctatosporiîes spp. 
Potonieisporites spp. 


WESTPHALIAN 
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Log. 60. — Late Carboniferous and Early Permian of Saudi Arabia, coordinated by Izart and Vaslet, after Owens & Turner (1995) 
and Al Laboun (1993). Well 8, Saudi Arabia, 42°E - 30°N. 
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LATE CARBONIFEROUS AND EARLY PERMIAN OF OMAN 
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Formations 

Palynomorphs 

Brachiopods 

West & East European 
Stages 

Saiwan = 
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Log. 61. — Late Carboniferous and Early Permian of Oman, coordinated by Izart and Vaslet, after Broutin et al. (1995) and Angiolini 
étal. (1997); 1. Saiwan = ex “early Gharif sensu Love (1994). Well Suwaihat 3, 55“E- 20°N. 


EARLY PERMIAN OF SALT RANGE (PAKISTAN) 



Log. 62, — Early Permian of Sait Range Basin (Pakistan), coordinated by Iqbal et al., after Iqbal (this paper). Sait Range, 72°E - 
32°N. 
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ABSTRACT 

Nunierous Late Palaeozoic continental basins wcrc formed within the tcrrlro- 
ry of ihc Czech Republie. Their .sedimentar)' histor)' began cither in the 
Westphalian (central and western Bohemia, Brandov Basin and basins in 
Sudctic area) or in the laie Stephanian (Blanice and Boskovice Grabens). The 
incoinplcteness of rhe floral record gives an évidence for scvcral liiatuses the 
most important of which are chose between the Bolsovian and Westphalian D 
and benveen the Stephanian B and C. During the déposition, an increase in 
sedimentary area, structural reworking and also considérable changes in sour¬ 
ce areas rook place. 


MOTS CLÉS 
Pcri-Tcihys 
massif bohémien, 
Carbonifère supérieur, 
Westphallcn, 
Stéphaiiicn, 
Auruiiien. 
bassins continentaux, 
paléogéographie. 


RÉSUMÉ 

La stratigraphie, la palcodimatologie et la paléogéographie des dépôts continentaux 
du Paléozoïque supérieur de Bohème (République Tchèque). De nombreux bas¬ 
sins continentaux d’âge paléozoïque supérieur se vsont formés sur le territoire de 
la République Tchèque. Leur histoire commence soit dans le Westphalien 
(Bohème centrale et occidentale, bassins de Brandov et des Sudètes) soit dans le 
Stéphanien su^iéricur (grabens de Blanice et de Boskovice). On n y rrotivc pas 
toutes les hiozones de palcoflorc, ce qui montre la présence de plusieurs hiatus, 
dont les plus importants sont ceux entre le Bolsovicn et le Westphalien L) et 
entre le Stéphanien B et C. Pendant le dépôt, on note une augmentation de 
Taire de sédimentation et du remaniemeni srrucmral er aussi des changements 
considérables dans les sources d’apport. 
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INTRODUCTION 

Czech Republic (CR) occupies a relatively small 
area of Europe. Geological unies are among the 
best explored areas of the European Variscides. 
During dic Late Palaeozoic time, marine follo- 
wed by paralic and continental sédiments werc 
deposited. Analysis of their spatial and temporal 
distribution should allow a bercer définition of 
the Early Carboniferoiis-Latc Triassic inrerval 
which is critical for better iinderstanding of the 
dynamic évolution of this part of Europe. 
Sedimenration in sorne Late Palaeo7.oic basins ts 
preceded by the Late Devonian sédimentation. 
Graduai consolidation ot rhe Variscides during 
the middic Namurian to Tnassic. characterized 
by general chickening of crustal granité layer of 
the Bohemian Massif (BM), resuhed in an equa- 
lization of strongly imbalanced beat and strain 
conditions. Such consolidation follovvcd by the 
development ol furcher occan basins in broader 
vicinit)' of rhe massil led to its collapse which 
resulted in the development of niimerous gra* 
bens and horsts and also in splîtring rhe plate 
along srrike-slip faults. The.se Lare Carboniferous 
and Permian processes initiated the origin, rapid 
development and relatively shorr existence of 
various types of basins (Figs 1-3). In this manner 
the mostly pustcollisional intramoncane basins of 
the Bohemian MaSvSif becamc a trap for domi- 
nantly dcrrital material. The intramontane sedi- 
mentary ba.sins (Fig. 3) grew larger during chc 
late Westphalian time following an intra- 
Westphalian hiatus, however, the oldest conti¬ 
nental deposits are of the late Visean and 
Namurian âge. Formerly isolated dépréssions 
were incerconnected and formed larger basins 
(Fig. 7). The sédimentation was interrupted seve- 
ral times. Lhc hiatus approximately berween rhe 
Stephanian B and C (e.g. Late Srephanian, 
Doubinger et al. 1995) was associated with 
changes in both the existing basins and in the 
source areas. *1 hese changes rcsuked in structural 
reconstruction of the central and western 
Bohemian basins, an increase in the area of sédi¬ 
mentation in central and western Bohemia and 
interrupted sédimentation in the eastern part of 
the Krkonose-piedmont Basin as well as in the 
Intra-Sudetic Basin and elsewhere. In the source 


areas, new basins in the form of grabens were 
cstablished {e.g. Blanice and Boskovice Grabens). 
Other important changes are connected wirh the 
Saalic phase of the Variscan orogeny. During the 
Saxonian to Tnassic, thçse processes resulted in 
considérable and rapid subsidence in fillcd basins 
and in réduction of the sédimentation domain in 
which detritaJ material was brought in from gra- 
duaily eroded and peneplained source areas 
(today’s absence of sédiments except the 
Lugicum, i.e. Sudetic basins) The déposition of 
the Variscan continental molasse wirhin rhe 
Bohemian Mas.sÜ ceased during the Triassic. 
Thèse sédiments cover only a ncgligiblc part of 
the area. The idcas mentioncd in this paper are 
supported by recentiy compÜed palaeogeographi- 
cal map.s (Figs 4, 6, 8) which represent an inté¬ 
grai part of the Atlas of the Permo- 
Carboniferous ol the Bohemian Massif (Pesek et 
al. 1998). 

VOLCANISM 

Considérable mobility of basinal basements as 
well as movements along the régional and local 
faults resulted m volcanic activitiy which accom- 
panied sedimentary processes. Several volcanic 
q'cles are represented by acid, intermédiare and 
basic volcanism. The earliesc Middle Devonian to 
early Westphalian qxle (F^fichysral 1993) is sup- 
posed to rcficci the onser of the Brunovistuiieum 
(south-western projection of the Baltica terraine) 
subduction underneath the central part of the 
Bohemian Massif. T his cycle gradually ceased in 
rhe late Namurian and early Westphalian 
(Kumpera & Martinec 1995). .\norher cycle is 
rclatcd to the Duckmantian/Bolsovian to early 
Stephanian interval. It is charactcriscd by abun- 
dant acid volcanism the early products of which 
filled rhe central and western Bohemian basins. 
This cycle proves the drift of volcanic centers 
Irom Moravia into the western, central and NE 
Bohemia. The final volcanic eycle coincides wirh 
the late Stephanian and Aumnian when extensive 
intermédiare to basic effusive bodies origin,ated in 
central and NE Bohemia. Products of acid volca¬ 
nism are also abundant but considerably thinner 
(Pesek àc Tasler 1979). 
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I Late Paleozoic to tertiary 
_I deposits and volcanic 


iplîg Granitoids 


Moravo-Silesian Central Bohemian and 

région Saxothüringian régions 


.J Barrandian Upper Proterozoic 
!■’ ' and lower Paleôzôic 


Sudetic 

région 


Moldanubian 

crystalline 


Fig. 1. — Crystalline rock units and the pre-Variscan Palaeozoic formations of the Bohemian Massif. Chlupâc-Vrâna eds (1994). sim- 
plified. 1, Late Palaeozoic lo Tertiary deposits: 2, Barrandian Upper Proterozoic and Lower Palaeozoic: 3. Teplâ Crystalline; 
4, Moldanubtarv Crystalline Complex: 5. Moldanubian Pluton: 6, Kaisné hory Mis, Crystalline Complex; 7, Krusné hory Pluton; 
8, Central Bohemian Pluton; 9. Krkonoàe-Jizera Crystalline Complex; 10. Kutnâ Hora Crystalline: 11. Zelezné hory Mts.; 
12, Svratka Crystalline; 13, Moravicum; 14, Silesicum and Moravo-Silesian Palaeozoic; 15. Brunovistulicum; 16, East Sudetes région 
(crystalline units). 


CLIMATE 

It is generally accepted that the climate during 
the Late Çarboniferous and particularly during 
the Pcrmian became warmer and consequenily 
drier (Parrish hîowevcr, varions climatic 

conditions dominated in chc different parts ot 
the nevvly Consolidated supetcondnent Pangea, 
depending on latitude, altitude, ropography and 
the position within che continent (Ruddiman &C 
Kutzbach 1991; Zicgler 1990). Palaeomagnetic 
measuremcnrs (e.g. lôs &: Pruner 1995) provide 
an évidence that the Bohemian Ma.ssit was sitiia- 
ted between 4“ and 6° N during the Late 
Palaeozoic. Since the middle Namurian it occu- 


pied interior position at a distance of several 
hundred kilométrés from the northern coasr of 
the Tethys (Scotese &C McKerrow 1990). The 
Late Palaeozoic continental deposits of the 
Bohemian Massif exhibit .several trend.s vaÜd at 
least for rhe whole Variscan Europe; a decreasing 
in coal content since the Late Westphalian ro rhe 
Permian and increasing abundance in the occur¬ 
rence of red bed deposits. Stephanian sédiments 
■arc typical by the alternation of rhick grey and 
red units while during the Pcrmian, mostly pri- 
mary red beds were deposited. Similar alterna- 
rion reported by Rowley et aL (1985) in the 
United States, Is ascribed to variation in intensity 
of monsoons. Monsoons are proposed in varions 
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climatic niodels for tfie low latitude régions ot 
the Pangea adjacent to the reth}'s (Crowley et al, 
1989; Kutzbach & Gallimorc 1989; Nairn & 
Smithwick 1976: Parrish &c Petcrson 1988; etc.), 
Ir is expecced that the monsooiial circulation 
with wet summers and dry winters began in the 
Latest Carboniferous and probably unevenly 
increased up to its maximum duiing the IViassic 
(Parrish et ai 1986). Similar conclusion was arri- 
ved at by Ziegler (1990) who studied a phyto- 
geographic pattern ol the Permian. The oldest 
évidence ol the seasonal climate in the Late 
Palaeozoic continental deposits of the Bohemian 
Massif is represented by the laminated lake depo- 
sits of the Stephanian B âge (lower part of the 
Forezian, Doubinger et ai 1995) covering an 
extensive area ol severul thousand square kilo¬ 
métrés. Laminaiion consists of typical dark-light 
couplets rcfleccing seasonal variation in organic 
content (Skoeek 1990). Similar lamination 
occLirs in the Autunian deposits of the Rudnik 
Horizon in the Krkono^c-piedmont Basin as 
reported hy Blecha et al (1997), who also detcc- 
ted cyclic variations in boron content in lakc 
deposits of another Autunian horizon. The ori- 
gin of cy'clcs may bave been rclatcd r.o high fre- 
quency climatic changes with a periodicity of 
thousand or o'en cens ol thousand years. More- 
over, the occurrence of evaporites (Prouza et al. 
1977) and the elevated contents of beuon in the 
Late Palaeozoic sédiments of the Bohemian 
Massif also argue for dry climatic conditions 
(Bouska & Pe.sck 1985). 

In contrasta Becq-Ciraudon ôc Van den Drissche 
(1994) proposcd pcriglacial conditions at the 
altitude of nearly 5000 m for the déposition in 
Stephano-Perniian basins of the Massif central. 
These authors give sedimentological and floristi- 
cal évidences enhanced by geotectonic argu¬ 
ments. 

Late Palaeozoic continental basins of the 
Bohemian Ma.ssif and rhe Massif central show 
the same geotectonic position, latitude, and in 
many cases comparable teccono-sedimentary his- 
tory. Despile this, rhere has noi been foiind any 
evidence for .such a high relief or remperate cli¬ 
mate in rhe Bohemian Massif during this period 
yet. Floristic records from Bohemia only confirm 


a rapid decrease in lycopsids plants at rhe end of 
the Wesrphalian and increasing frequency of 
Walchia during the Stephanian. As a whole, the 
Bohemian lare Wesephalian to Autunian tloras 
are rich in species, most of which being known 
from NW Spain and other, formerly paralic 
basins of NW Germany, Belgium and N France. 


BEGINNING OF THE LATE PALAEOZOIC 
CONTINENTAL DEPOSITION IN THE 
BOHEMIAN MASSIF 

The oldest Carboniferous continental sédiments 
of the Bohemian Massif are known from the 
Irura-Sudetic Basin, wliere purely continental 
conditions were established after a marine régres¬ 
sion in the late Viscan. F'irst coarsc grained sédi¬ 
ments were deposited as alluvial tans in 
piedntonr setting (Blazskow Conglomérâtes). 
Fhey grade into marshy-fluvial, partir coal-bea- 
ring Walbrzych (Waldenburgj Formation of the 
early Namurjan agc. Above, ihey pas's iiuo fluvial 
deposits (Bialy K;imieri Member). ITese sédi¬ 
ments are known mainly from the Polish part of 
the Basin. In rhe Czcch cerricory, sédimentation 
of chc 2aclcr' Formation began around the 
Namurian/Westphalian boundarv after an episo- 
dic Vîsean déposition of the Bla/skow 
Conglomérâtes. les lower parc, the Lampenice 
Member consists of coal-bearing fluvial cycles 
with conglomérâtes at che base. This unit has 
yielded rich flora referring to the Langsettian 
(Westplialian A) âge. Neuralethopteris schlehanii 
(Stur) and Lonvhnpierh eonjugaea (Goeppert) 
dominarc, whilc Limehopterh mgosa Hrongniart, 
typical fot Duckmantian (Wcsiphalian B), is still 
missing (Kotasowa ôc Migier 1995; 5eflik 1977). 
Sédiments of the [.amperfice Member pas.s into 
the Doly 2y';irky Member of the Duckmantian 
(Westphalian B) âge eirher conrinuously or after 
a short hiatus at SW margin. In rhe Late Silesian 
Basin, the non-marine déposition tool< place 
from the middie Namurian and wirh several hia- 
tuses lasted until rhe Stephanian in che Polish 
part. 


600 


GEODIVERSITAS • 1998 • 20(4) 



Late Palaeozoic continenral deposits in Czech Republic 



Fig. 2. — The extent of sédimentation and coal formation in Late Palaeozoic basins of the Czech Republic. 1, coaf-barren sédimen¬ 
tation; 2, period of significant coal formation; 3, period of less important to negligible coal formation; 4. problematic âge of a unit; 5, 
break in sédimentation; 6, the given interval preceded by an eariy sédimentation. 


DUCKMANTIAN AND BOLSOVIAN 
(WESTPHALIAN B AND C) 

Sédiments of the unit studied were deposited in 
several isolated réglons in the Intra-Sudetic 
Basin, Krusné hor}^ Mountains and in the central 


and western Bohemia. It is supposed that sedi- 
menration in the Czech part of the Dire Silesian 
Basin continued at least till the Duckmanrian. 
However, these youngest deposits hâve been later 
eroded. 

Duckmanrian and Bolsovian deposits in the 
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Intra-Sudetic Basin succcssively filled the base¬ 
ment dépréssions. l*hc maximum .subsidence 
shifted from the NW ro the SE. Detrital material 
transported to the basin from the SW, W and 
SE, is reprcsentcd bv talus, alluvial fans and flu¬ 
vial to fluviolacustrine deposits containing less 
coal than the overlying unir. The source atea 
which supplied the Intra-Sudetic Basin with 
detrital material \s rhought ro hâve had mount- 
aineous relief as suggested by the occurrence of 
fanglomerares. The présent distribution of Duck- 
mantian and Bolsovian sédiments seems ro be 
similar to their original exrent. Mechanical wca- 
thering is rhought to hâve been the dominant 
process during the Duckrnantian and Bolsovian 
(Ta.sler ei a/. 1979). Duckmaniian and Bolsovian 
sédimentation was accompanied by gradually 
increasing volcanic activitiry (Masek 1973). The 
center of acid volcanism is believed to hâve been 
located in the vicinir)' of the Polish Walbrzych. 
Duckmaiirian and Bolsovian scdimencs ot the 
Brandov Basin in rhe Krusné liory Mountains 
(Fig. 9) were deposited in a narrow, NW-tren- 
ding dépréssion including Late Palaeozoic basîns 
berween the towns of Olbernhau and Floha in 
rhe Floha river valley. Germaiiy. The SE align- 
ment of these basins possibly trends farther to 
the Slany-Tftèno dépréssion marked by acid syn- 
chronous volcanism bctween Férue and Tftêno 
in central Bohemia. 

The Krusné hory Mountains Carboniferous sédi¬ 
ments vverc deposited on a rugged basement of 
the Krusné hory crystalline complex (Fig. 1). 
Sporadit data indicate thar the preseï ved detrital 
sédiments containing abundant local maicriah 
were transported for a short distance in screams 
flanked occasionally hy alluvial plains covered 
with végétation. 

Sédiments of the Radnice Member were deposi¬ 
ted in the central and western Bohemia (Fig. 5) 
on an alluvial plain during a period of higher 
mobiliry of rhe basins bâ.semeni and associated 
with extensive volcanic activicy. These sédiments 
initially filled two dcpositional centers which 
were latcr connccted. Fhe eastern dcpositional 
center includes approximatcly an area of the east¬ 
ern part of the Kladno-Rakovnik Basin including 
isolated small remnants to the S. The Rakovnik, 
Radnice and Plzen régions, including remnants 


in their Southern and eastern viciniries, represenr 
the western dcpositional center. The latrer center 
is thought to hâve been drained toward the SW 
into Bavaria whcreas the eastern center is belie¬ 
ved to have been connccted with rhe sea ol ihe 
West Europoan lorcdcep through chc Kru.sné 
hory and Floha Basins. The western dcpositional 
center might have been drained in this direccton 
during déposition of the upper Radnice Member. 
Duckrnantian and Bolsovian sédiments originally 
did nor cover rhe entire area of the central and 
western Bohemian basins. Low, NE-trending 
ridges of mostly Proterozoie basement served as a 
source of gravity-induced fanglomerares and 
short dcbris-llows. 

The Tare Carboniferous centrai and western 
Bohernian basins contain locally very coarse 
detrital sédiments deposited by ephemeral 
streams. Large peat bogs were iormed on broad 
alluvial plain.s during warm and humid climate. 
Coal-fonriing végétation is rhought to have 
rapidiy expandcd into abandoncd meanders 
during .srream mlgrarion. Numerous volcanic 
centers were iormed in sev^eral basins and their 
broad vicinic}^ 

A major N-S trending srream, parallel to the axis 
of rhe Plzen Basin, transported détritus from the 
north where an extensive dry land existed during 
the Duckrnantian and Bolsovian. This stream 
prevented coal lormarion during rhe déposition 
ot rhe lower Radnice Member. Ar the same cime 
similar stream flowed from Rakovnik to Radnice. 
The fluvial déposition resulted in splitting of 
coal seams or in their absence in rhe broad vici- 
nity of tlie above mentioned towns. Yet .mother 
major stream flowed from the hW into an inten- 
sively subsiding NW-SE trending dépression bet- 
ween SJany and Trréno. Tltis stream is assuined 
to have continued toward Brandov and further 
into Germany (see above). 

Alluvial plain of rhe Radnice Member subsided 
along the central Bohemian deep-seated fault 
(Misât £t£il. 1983) flanked probably by a zone of 
picdmoni .sédimentation. The main sourceland 
rcprçscntcd by the central Bohemian pluton is 
sLipposed to be located S of this fault. Local sour- 
celands were scattered rhroughout ihe alluvial 
plain. The source areas adjacent to the 
Carboniferous basins and the remaining area of 
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Fjg. 3. — Late Carboniferous and Permian caniiner»lal deposils of the Bohemian Massif Chiupàc*Slorch eds (1992). 1. Sudeüc 
Late Palaeozoic: la, Ceskâ Kamenice Basin; lb. Mnichovo Hradiétè Basin; 1c, Krkonose-piedmont Basin and occurrences near 
Zvicina and at the Horice élévation: 1d, Intra-Sudetic Basin (Czech part); le, Permian formations in lhe Orlické hory Mountains; If, 
Orlice Basin 2. central and western Bohemian Laie Palaeoiolc deposits: 2a. Plzen Bàsln, 2b, Manèlin Basin; 2c. Radnice Basin; 
2d. Zihie Basin: 2e, Kladno-Rakovnik Basin. 2f. Mseno-Roudnice Basin. 2g, Kravare occurrence. 3. Laie Palaeozoic ol lhe Krusné 
hory Mountains: 3d, Brandov occurrence. 3b. Mikulov occurrences. 4. Late Palaeozoic sédiments ot the grapen structures. 48, 
Blanice Graben ifrom north to south). Ceskÿ Brod région, Vlaélm occurrence, Tâbor occurrence, Ceské Budéjovrce région, 4to, 
Boskovice Graben with Miroslav occurrence in south; 4c. Jihiava Graben (Zëlezné hory Mountains and Hradec Kràlové occur¬ 


rences). 

the Bohemian Massif are thought ro hâve dis- 
played deepiy levelled mountain relief. 
Sédimentation in ail basins took place in déprés¬ 
sions between adjacent ridges thar excrcised 
considérable control upon sédiment distribution. 
Thicker coal seams originated in their “sedimen- 
tary shadow” (Pesek 1968) bcîng proiected Irom 
considérable supply of detrital material. 

The Duckmantian and Bolsovian sédimentation 


was accompanied by relatively abundant volcanic 
activity. Warm and humid climate was tavou- 
rable to the formation and préservation ol coal 
seams. Diversified Duckmantian and Bolsovian 
flora conrains the following strarigraphically 
important species: Spbenophyllutn rnyriophyllum 
Crépin, Sphenophyllum cuneifolium (Sternberg), 
Lepidodendron simiîe Kidston, Laveineopteris 
loshi (Brongniart) and Laveineopteris tenuifolia 
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(Schlotheim). On the other hand Pecopteris 
penaefornns (Brongniarc) is a typicâl élément of 
the Radnice Memher. Lonçhopteris rugosa 
Brongniart is common in the Doly 2d'arky 
Member but it is extremely rare iii dte lower pan 
of the Radnice Member in central and western 
Bohemia. The presençe of Anmlaria sphenophyl- 
loides (Zenker), A, stellaui (Schlotheim) and 
SphenophyUum mmrginatum (Brongniart) is cha- 
racteristic of the upper part of the Bolsovian suc¬ 
cession in the Inrra-Sudetic Basin (Perrovice 
Member) but these species are very rare in the 
Radnice Member. The total assemblage of the 
Radnice Member is indicative of either late 
Duckmanrian or early Bolsovian (Wagner 1977). 
The âge of the Doly 2d'irky Member is mostly 
Duckmantian, but flora in its upper part is very 
similar ro that of the Radnice Member. However 
the following unit, the Petrovice Member, is 
already ol die late Bolsovian âge. 

WESTPHALIAN D-CANTABRIAN 

The faciès pattern of this stratigraphical interval 
indicates a continuous sedimentary domain 
extending from the Manétin and Plzeh basins in 
the West as far as the Intra-Sudetic Basin in the 


east. This is in contrasv to the earlier period 
when two separate sedimentary basins existed. 
Haviena & Pesek (1980) believe that the central 
Boheniian and Sudetic basins formed an arch 
open to the south at this rime. 

Westphalian D tu Canrahrian sédiments in lim- 
nic basins of the Bohemian Massif were deposked 
after a hiatus related to the Leonian phase defined 
in Northern Spain by Wagner (1965). According 
to Wagner (1977) dilFcrenccs in floriscicâl assem¬ 
blages benveen the Radnice and the lower part of 
the Nyfany Member provide good évidence of 
stratigraphical gap comprising the late Bolsovian 
and substantial part of the Westphalian D. 
Comparable stratigraphie gap occurs also in the 
Carboniferous sédiments of chç Lace vSilesian Coal 
Basin (Kotâsowa & Migicr 1995). 

During the Westphalian D period, not only sub- 
scantiai increase in the area of sédimentation 
occurred but also additioival NW-SE trending 
dépréssions formed. The extension of sedimenta¬ 
ry basin further to the east and the marked 
increase in chickess of the Nyfany Member, com- 
pared to the Radnice Member are also due to 
Leonian orogenic phase. 

Uneven subsidence of the basin’s basement 
governed the pattern of detrital sédimentation at 
the onset of déposition of the Svatonovice 
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LATE CARBONIFEROUS IN THE CENTRAL AND WESTERN BOHEMIA 
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Fig. 5. — Lithology and biostratigraphy of the central and western Bohemian Late Palaeozoic deposits on an example of the boreho- 
le Obi (Otruby) in lhe easiem pari of the Kladno-Rakovntk Basin, Czech Republic, 14'’06*E - SO'^IS'N. 1, Oplustil & Pesek (this 
volume): 2 Doubinger étal. 1995. 


Metnber (Figs 7, 12) in the Intra-Sudetic Basin 
(Tàsler et al. 1979). Déposition of chis unir to 
the NW and SE of the south-western {i.e. Czech) 
flank of the basin started after a hiatus as eviden- 


ced by the kaolinization of rhyolite tuffs, by the 
redeposirion of pebbles of the Petrovice Member 
to the NW, and by a considérable réduction of 
the thickness of the Svatohovice Member to the 
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Westphalian D - Cantabrian 



Palaeogeography of the Czech Republic during the Westphalian D - Cantabrian {see legend Fig. 4). 
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SE (Taslcr et al. 1979), Comparée! wich rhe 
Petrovice Mcmber, tlie alluvial and alluvial-fan 
deposits arc less abundant while rhe alluvial and 
intermittent lake tlne-gnained deposits are tliic- 
ker. Tlîis tesulced from higher morphological 
maturity of the source areas compared to the ear- 
lier period of rhe Petrovice Member déposition 
and to a decreased energy ot sircams. A major 
change took place in rhe lithological character ot 
conglomérâtes, arkoscs and sandstones. Pebbly 
and sandy ciasts of the lowcr Svatotiovicc 
Member, transponed from the W (/.e. adjacent 
Krkonose-jizcr.skc hory Mount.iins crystalline 
complex), were deposited in a much redueed 
basin surrounded by wcathered ;ind eroded areas. 
The sedimentarion of the Svatonovicc Member 
was terminaied by extrusion oi Ioav viscosity 
andesiiic lavas torming laterally extensive but 
rather thin body. Déposition of lacusrrine and 
fluvio'lacustrine sédiments acemnpanied by per- 
iodic gfowth of peac folloived tliis andesiric 
extrusion. Furiher dcpo.sition of rhe Svarohtwice 
Member extendcd over the pre-Carhoniferuus 
basemeni in the vicinity of Bcrnartice (NW part 
of the Intra-Sudetic Basin) and around Hronov 
(SE part), l’he filling of the Krkonose-piedmont 
and Mnichovo H radis ce basins probably began 
at this rime (Fig. 7). 

The areal distribution of the Nyfany Member in 
central and western Bohemia is more extensive 
than that of the underlying Radnice Member. 
However, some low structural highs trending 
NE-SW locaily and initially prevented chc dépo¬ 
sition of the Nyrany Mcnibcr. Higher structural 
highs arc thought to hâve existed only in the area 
of the Krivoklat-Rokycany Volcaïuc Complex 
and perhaps even sourh of the Manètm Basin. 
Changes in source areas and aiso in extent of 
sedimentary basins took place dtiring the break 
in sédimentation. A .System of NW-SE to NNW- 
SSE trending grabens and horsts was formed 
prior to, or ar rhe same time as sedimentation of 
rhe Nyrany Member began. The cariiest deposits 
of the Nyrany Member occur in the SE paît of 
the Plzen Basin, in the area of the River Ohre 
and in the Miro.^ov Carbuniferous relie. 
Variegared detritu.s produced by weathering of 
the Late Protero/oic rocks in the wcsc and the 
surficial détritus from granitoid massifs was 


rransported inro rhe basin. *1 he she ot sedimen- 
tary ba.sin was rapidiy cnlargcd and the upper 
part of tlie Nyrany Member covered much ut the 
Mseno-Roudnicc Basin. Litholug)'^ ot the Nyfany 
Member (Fig. 5) deposited on the alluvial plain 
varies considerably comparing with the Radnice 
Member sédiments. Wheréas in the we.stcrn 
Bohemian basim fluvial depo.sits prevailed, the 
central Bohemian basins were partly dominated 
by lacLisirine sédiments deposited in severai 
intermittent lake.s clongâced in the E-W direc¬ 
tion and located in the central part of the région. 
Lacustrine sédiments are flanked hy alluvial fans 
toward the souih and locaily even toward the 
north. L.ow ttanspordng compétence of streams 
flowing invo these lakcs was controlled by the 
velocity and extent of flash tloods. Coa! seams 
originated hetween the channcis and abandoned 
ineanders, in interrnictent lakes and niarshes. 
Pcriodical influx of coarse detriral macerial œnsi- 
derably redueed the early forni^tion of coal 
seams as pear bogs were not prorected from the 
detriral material by élévations ot cn^stalline base¬ 
ment as in the underlying unit (Pesek 1968). 
Sedimentation of the Nyfany Member was 
accompanied by weak, largcly acid volcanics. 
Detriral material was brought inio the central 
and western Boheniian basin.s from sources in 
the .S and SE (particularly from the central 
Bohemian pluton — sec Kukal 1983; Pesek 
1994). Somc other graniric massifs also serv^ed as 
sources of wcathered material. Material from 
wcathered metamorphic complexe.s was washed 
into rhe basim too. 

The character and dynamics of the water régime 
in which these .sédiments were deposited is poor- 
ly Linderstood. We are of the opinion that the 
central and we.stern Bohemian CarbonÜerous 
basins may hâve been drained înto Saxony, 
Fédéral Republie of Cermany. However, hypo- 
thetical drainage in part of the central Bohemian 
basins through Suderic hasins into N Sudetic 
Basin in Roland cannoi be excluded. The ropo- 
graphy of ihe Bohemian Massif rcraained almosr 
unehanged as compared with rhe déposition of 
the previous unit. Some levelling of rhe relief 
probably existed although local occurrences of 
coarse détritus are indicative of uplified blocks 
yielding largely mechanically wcathered material. 
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The déposition of Westphalian D-Cantabrian 
sequence took place under similar cliniatic and 
orogenic conditions as those prevailing during 
the underlying unit, i.e. undei warm and humid 
cliniatc which was favoiirable for the growth of 
rich végétation. The Nyfany Member Flora 
contains rwo successive assemblages (Setlik 1^77; 
Wagner J 977). The older one is of the late 
Westphalian D while the younger one, contai- 
niïig Sphetwphyllum ohlon^ifolntm (Germar & 
Kaulfas) and Peropceris lepi(^m'hachis Brongniart 
refers to the Cantabrian. A Httlc younger scenis 
to bc the flora of the Svatohovice Member in the 
Intra-Sudcric Basin (Wagner 1977) which 
contains afso PraecalUpteridrum jangniayisi 
(Bertrand) and Odontopteris cantabrica Wagner. 

THE STEPHANIAN IN THE LATE 
PALAEOZOIC BASINS OF THE CZECH 
REPUBLIC 

It is generally accepted that the Late Palaeozoic 
continental basins of the Czech Republie contain 
sedimentary records comprising most of the 
Stephanian (Havlena 1974; Sedi'k 1977; Pesek 
1994; etc.)-. Ihus the Westphalian D to Early 
Cantabrian age is assumed Ibr the Nyrany and 
SvacoiWicc Members in the central and western 
Bohemia and in the Sudctic area rcspcctivcly. 
Similarly, Barruelian (Stephanian A) is supposcd 
for the Tyncc Formation (with NenwpUris ovata 
Hoffman), Stephanian B for the Slany Forma¬ 
tion and Stephanian C for the Linc Formation 
and their latéral équivalents in the Sudcric area 
(Fig. 7). Lithologically and florisdcally proved 
hiatuses of rhe basinal range are rccorded only 
from the Late Bolsovian to the Late Westphalian 
D and berween Late Stephanian B to the Early 
Stephanian C (wiihm the Laïc Stephanian of 
Doubinger ci ai 1995). The range of the laner 
excends up to the Aucunian in the Intra-Siideric 
Basin. On rhe other hand, Wtgner (1977) pro- 
posed another lung-lasting hiatus berween the 
Nyfany Member and the Tjuiec Formation in 
the central and wesrern Bohemia and adéquate 
units in the Sudçtic région, This hiatus com¬ 
prises most of the Cantabrian, Barruelian and 
Stephanian B. The Late Stephanian B is therefo- 


re propovsed for the Tynec and Slany Formations 
and their équivalent in the Sudetic area by this 
author. Continuous tloristic succession seems to 
be présent from the the Late Westphalian D to 
Eacly Cantabrian and from the Late Stephanian 
B to Stephanian C. This hiatus is deduced main- 
ly by the présence of LHpopia racihorskii (Lilpop) 
and Nemejeopteris feminaeformis (Schlothcim) 
from ihe Tynec Formation and their absence in 
the Lüp of ihe Nyfany Member. Only ihe part 
occurring above the hiatus between the 
Stephanian B and C has heen selected to présent 
Stephanian palaeogeography in this contribu¬ 
tion. 

STEPHANIAN C-AUTUNIAN 

Stephanian C and Autunian sédiments in limnic 
basins of the Bohemian Massif were deposited 
after a hiatus relatcd to an intra-Siephanian 
phase ol the Variscan orogeny which is respnn- 
siblc for rcmarkahle changes m the gcology of 
sedimentary basins and source areas. The distri¬ 
bution and abondance of deposits ol the studied 
tntei val suggest vhesc twu stages should bc desci i- 
bed scparatcly. 

Stephanian C and Autunian sédiments in the 
central and western Bohemia as well a-s in the 
Sudctic région consist mosrly ol unfossiliferous 
red beds in which Flora is rccordcd mainly from 
sevcral grcy horizons accomparned by tliin coals 
or bicuminous shalcs with vertebrntes. In the 
Blanicc and Boskovice Grabens the uppermost 
Stephanian C contains mineabic coal seam.s 
accompanied by rich flora. Whercas the prc.scnce 
oï Sphenophyllum (ingustifolium Germar is rypical 
for rhe Stephanian C, rich Callipteris flora inclu- 
ding Aumnia conférai (Sternberg) dominâtes in 
the Aucunian deposits. 

Reccnily, the Stephanian was revised in the 
Saiac-Érienne Basin by Doubingei et al (1995)'. 
They propose to subdivide tlie Stephanian inro 
an Early Stephanian (the Barruelian, équivalent 
CO the former Stephanian A), and a Late 
Stephanian (rhe Forezian, équivalent to the for¬ 
mer Stephanian B and C). 

Basic features of the Stephanian C (Havlena & 
Pesek 1980), can be summarized as follows: an 
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Member= M. 


Fig. 7. — Lithostratigraphic division and corrélation of the most important Late Palaeozoic limnic basins in the Czech Republic-1. erosional unit boundary; 2, unit boundary; 3. hia¬ 
tus; 4. a boundary between the Carboniferous/Permian formations and the underlying unit regardless of its âge and pétrographie composition; 5, increase m the area of sédimenta¬ 
tion over lhe basement in different basir>s. 
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LATE CARBONIFEROUS AND EARLY PERMIAN OF THE KRUSNE HORY MOUNTAINS 



Fig. 9. — Lithological scheme of the Late Palaeozoic sédiments of Brandov relie in the Krusné hory Mountains région, Czech 
Republic, 13^24'E - 50°37'N. 


extensive subsidence occurred during which 
extremely thick sédiments were accumulated in 
the central Bohemian basins as a part of a consis¬ 
tent central Rohemian-Suderic area. In contrast, 
much less sédiments accumulated in the Sudetic 
part of ihis area, or sédimentation may hâve been 
interrupted U.c. Inrra-Sudetic Basin). During the 
intra-Stephanian hiatus, a subsratilial part of 
Stephanian B sédiments was eroded from the 
Intra-Sudcdc Basin but a rather smaller part of 
these deposits was removed in the Mnichovo 
Hradisté and Krkonose-piedmont Basins 


(Fig. 10). The subsidence and sédimentation in 
boih Grabens (Boskovicc and Blanice) as wcll as 
in the C!cska Kamcnice Basin started probably 
during the Early Stephanian C. The déposition 
of Stephanian C sédiments was also renewed 
near Brandov in Krusnc hory Mountains (Fig. 9) 
after a long hiatus. 

Stephanian C sédiments were deposited in a 
basin extending from western Bohemia as far as 
to the KrkonoSe-piedmont Basin. The sédimen¬ 
tation took place only in the Mnichovo Hradisté 
and KrkonosT-piedmont Basins due to the 
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Fig. 10. — Correlafron of lithostratigraphical units in parts of the Kladno-Rakovnfk Basin, Mnlchovo Hradistè Basin and Krkonose-piedmont Basin. Modified after Haviena & Pesek 
(1980) 1-3. variegated aleuropelltes of the Liné Formation (central Bohemian basins). and/or Semiiy Formation (Sudetic région): 1, Strânka Horizon: 2, thickness of the KIobuky 
Horizon and/or upper Plouznice Horizon: 3. thickness of the Zdetin and/or lower Plouznice Horizon. 4. Msec Member and its black claystones équivalent of the Syrenov Formation. 
G\ 5, 6. Vülcanites; 5. intrusive rocks; 6, extrusive rocks. 7. sédiments with conglomerate interbeds of the Barrandien type (Zlkmundovâ-Holub 1965). 8-12, formation boundary: 8, 

^ base of the LIbstât Formation; 9, base of Uie Liné Formation and Its équivalent 10, base of the Slanÿ Formation and ils équivalent: 11, base of the Tÿnec Formation and its equiva- 

_ lent, 12, base of the Kladno Formation. 13, Late Palaeozoic basement. 14, borehole collar. 15, borehole data of the Laîe Pataeozoic strata. 
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CARBONIFEROUS AND EARLY PERMIAN OF THE KRKONOSE-PIEDMONT BASIN 
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Fig. 11. — Borehole Pél (Prosecne) from the central part of the Krkonose-piedmont Basin. Czech Republic, 15°41’E - 50°34’N, 
1, Martinek (this volume): 2. Doubinger elai 1995. 


arching of the eastern segment ot the latter basin 
and of the entire Intra-Sudetic Basin in particu- 
lan The Krkonose-piedmont Basin was probably 
interconnected with chc C!eska Kamenice Basin. 
The central Bohcmian basins were possibly also 
connectcd with the Late Palacozoic relies near 
Brandov and Cesky Rrod. 

An ephemeral lake exisced in west and central 
Boheinian and somc Sudetic basins. The exrent 
of this lake was comparable to the lake existing 
earlier. However, the area of the basin altcrnately 
increased or dccreased depending ou chc volume 
of coarse material .supplied. Minor streams also 
transported mud and rubble Irom weathered 
rocks from the N. Kollert et al. (1975) and 


Holub et al. (1981) bclieve chat subsrantial volu¬ 
me of sédiments is also of aeolian origin. Shallow 
warer-filled dépréssions were locally overgrown 
by végétation. Aftcr the déposition of rhe 
KIobuky horizon, a short break in sédimentation 
perhaps occurred in the eastern part of rhe 
Mscno-Roudnice Basin. Early Palaeozoic rocks 
in source areas were exposed during this break. 
Deposics of this âge are also known from the 
Carboniferous basement in vhc SE part ot this 
basin. The Silurian and Devonian limesrones 
were eroded and their fragments were transpor¬ 
ted into rhe basin from the .south (Zikmimdova 
& Holub 1965). 

The déposition of sédiments took place during 
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LATE CARBONIFEROUS AND EARLY PERMIAN OF THE LOWER SILESIAN BASIN CZECH REPUBÜC 



Fig. 12. — Borehole Brou 1 (Broumov) from the central part of the Intra Sudetic Basin. Czech Republic. 16‘’21'E - 50®35’N, lithology 
and biostratigraphy. 1. Opiustil & Pesek (this volume); 2, Doubinger étal. 1995. 


intense acid and basic volcanic activity. The vol- 
canic centers existed outside the central and wes¬ 
tern Bohemian basins and also inside the 


Kladno-Rakovnik basin in the 2atec area. Detrit- 
al material was probably derived from sources 
which already supplied the underlying units. 
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LATE CARBONIFEROUS AND EARLY PERMIAN OF THE BOSKOVICE GRABEN 



Fig. 13. — Boskovice Graben, Czech Republic, 16°25’E - 49"'10’N, lithological and biostratigraphical scheme. 


However, the Late Proterozoic metamorphites 
and Early Palaeozoic rocks of the Barrandian area 
seem ro hâve playcd a more important rôle as a 
source. In addition, the occurrence of conglomé¬ 
râtes conraining pebbles of Silurian and Devo- 
nian carbonates indicates rhat .some new source 
areas of detrical macerial must havc existcd. 
Crystalline complexes of the Teplâ, Krusné hory 
Mountains and Lugicum in particular probably 
aiso plaved an important rôle as source areas. 

The Seniily Formation (Fig. 11) together wich 
yet unnamed units of the samc âge constiture 
Stephanian C sédiments in ihc remaining 
Sudetic basins. The sedimentary domain of the 
most important Sudetic basins, the Mnichovo 
Hradisté and the Krkonose-piedmont Basins, 


was surrounded by source areas to the south, east 
and north. The alluvial plain of the Sudetic 
basins was connected with the central Bohemian 
alluvial plain ro the West. Both plains .share the 
fluviolacLLstrine and lacustrine deposits. Lacustrine 
sedimenis in these basins pass in fluviolacustrine 
to fluvial deposits toward the margins of the allu¬ 
vial plain. Small peat bogs in the Krkonose-pied- 
mont Basin were formed during the period of 
reduced sédiment suppiy- The déposition was 
locally accompanied by conremporaneous inter- 
mediate to basic volcanism. It is possible rhat the 
Sudetic, centrai and western Bohemian basins 
were drained by several streams through the area 
of présent Krusné hory Mountains into Saxony. 
Individual, small basins elongated NNE-SSW 
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and supplied with clastics from rhe wCvSt and 
mainly trom rhe E probably existed in the 
Blanice Graben near CÎeské Budejovice and 
Tabor. The area near Cesky Brod may hâve been 
connecred with the central Bohemian alluvial 
plain in the N (Haviena âc Pe.sck 1980), A mar- 
ked zone of piedmont sédimentation with allu¬ 
vial fans and talus was lormed along an arched 
source area E of C!csky Brod. Minor coal-for- 
ming végétation locally grew in small shallow 
lakes. 

A narrow basin was formcd in the Boskovicc 
Graben (Fig. 13) W of the large archcd block of 
the Brno Massif. MorphologicaJly niarkcd boun- 
dary of this block was rimmed by a zone of thick 
talus deposits and alluvial fans. Minor fluviola- 
cusrrine and lacusrrinc sédiments were deposiced 
contcmporaneoLisly with piedmont sédiments 
west of this area. Organic déposition was restric- 
ted only ro the Rosice-Oslavany area. Minor 
contemporancous volcanic aedvity was recorded 
here. 

Autunian sédimentation in rhe Bohemian Massif 
probably occurred over a large area interconnec¬ 
ting ail limnic basins of rhe Czech Republic. 
Graduai cei^ariun of depo.sition wa:» due ro 
arching of die western and central pari.s of basins 
in western and central Bohemia. Consequently, 
higher thicknesses of sédiments were deposited 
in the Mscno-Roudnice Basin only. This basin 
and the Sudetic basins constitured a newiy for- 
med basin which aiso included the newly formed 
Orlice Basin and rhe Boskovice and Blanice 
Grabens. In conrrast co che Stephanian C> the 
extensive subsidence during the Autunian rime 
shifted into the Sudetic basins and aIso in the 
Boskovice and Blanice Grabens where sédimen¬ 
tation rcached its peak. 

Autunian sédimentation in the Intra-Sudetic 
Basin (Fig. 12) includes deposits of alluvial fans 
and sedimcntvS brought probably by ephemeral 
streams (Vemcrovicc Member). The upward 
dccrease in grain size indJeates an extensive dénu¬ 
dation of source areas which resulted in the pre- 
valence of alluvial plain and lacustrine sédiments 
over fluvial channel deposits. Sédimentation of 
the Beckov Member (Chvalcc Formation) in 
particular was accompanied by strong volcanic 
activity west of the Intra-Sudetic Basin. 


However, in rhe Intra-Sudetic Basin itself, only 
pyroclastics occur. Similar development of the 
sedimentary filling is aiso known from the 
KrkonoSe-piedmont Basin (Fig. 11) but its latest 
Autunian unir (Chotèvice Formation) includes a 
lartïc proportion of evaporires (Prouza et ai 

1977). 

The development of tbc Blanice and Boskovice 
Grabens rcached its peak during the Autunian. 
Both basins arc cKaractcrîzed by extensive subsi¬ 
dence along the ea.stern boundary of permanent- 
ly uplifting blocks. Margîns of those bloclcs were 
source arca.s for sédiments of alluvial fans and 
talus deposits. Fliiviolacastrinc sédiments occur- 
ring in central and castern parts of both grabens 
originated in .source areas located casi of these 
basins (Fig. 13). These areas were gcncly arching 
and formed morphologicaly low relies. 
Fluviolacustrine sédiments which are in heiero- 
pic relation to marginal .sédimentation in the 
easr, passed grudualJy toward the north into simi¬ 
lar sédiments in rhe M^eno-Roudnice Basin 
and/or in the Sudetic sedimentary domain. 
Sédimentation in the Boskovice Graben was 
accompanied by a weak volcanic activity. 
Auruniaii and Saxonian sédiments preserved 
along the I.u>[ice faulr in norrhem Bohemia pro¬ 
vide an evidence for rhe connection of the 
Bohemian basins with .similar basins in Saxony. 
These basins may bave been ako draincd into the 
North Sudetic Basin in Poknd. 

The déposition of dominanrly fine detrital matc- 
rial indicates continuing dénudation of the 
Bohemian Massif Several formerly buried units 
were uplifred and exposed lo érosion as eviden- 
ced for example by pcbbles of Early Palaeozoic 
carbonates in the Mseno-Roudnice Basin. 

The déposition of sédiments of both stages stu- 
died took place in a warm to bot climate which 
gradually becamc arid. 

CORRELATION OF THE CZECH LATE 
PALAEOZOIC CONTINENTAL BASINS 
WITH SIMILAR BASINS IN EUROPE 

Varkms types of continenral basins occur in the 
Bohemian Massif. Despite their comparable geo- 
tectonic position with similar continental basins 
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of Variscan Europe, they usually dîfïer in strati¬ 
graphie range of rheir sedimentary records and in 
size and architecture. Such différences occur even 
within rhe Bohemian Massif. On the opposite, 
there is a srrong resemblance oi the Blanicc and 
Boskovice Grabens with similar basins in the 
French Massif central. In borh areas, narrow half- 
grabens with a high subsidence rare developed 
during the Stephanian and Permian. Their gene- 
sis is relared to wrencli faulring connected with 
Variscan orogeny (Zîegler 1986). 

Stratigraphie range of the basins in central and 
western Bohemia and Sudetk area has probably 
no exact équivalent in any other basin of Europe. 
Some hiatuses traccable in different basins of the 
Variscan chain and hs foredeep may hâve been of 
corrélative value. The important hiatus proved in 
the basins of the central and western Bohemia 
and poorly developed in rhe Sudetic area is rela- 
ted to the Leonian phase defined in NW Spain. 
This hiatus has been also recognized in rhe Eate 
Silesian Basin in PoUnd as well as in the Krusné 
hory Mountains Basin (in German liicraiure the 
Erzgebirge Becken) and NE part of the Saale 
Basin in Halle-Dclitzsch district (Schneider et al. 
1994) in Germany In rhe W Eliropean foredeep 
this hiatus corresponds with the termination of 
paralic déposition and onset of non-marine sédi¬ 
mentation. 


CONCLUSION 

The internai parts of the European Variscides 
including the Bohemian Massif contain a num- 
ber of the Late Palaeozoic continental basins 
whose initiation and development arc rclatcd to 
final phases of Variscan orogeny. The dominant 
rôle ol strike-slip faulting was emphasized by 
many authors (Arthaud & Marte 1977; Ziegler 
1986). In the Bohemian Massif the tôle of wrencli 
faults was recenily demonstraied by Pasek & 
Urban (1990) on an example oi the Pilsen Basin. 
Continental basins of the Bohemian Massif were 
formed in two periods: in rhe Namurian- 
Westphalian period and in the lare Stephanian 
period. During the Namurian but mainly in rhe 
Westphalian, the basins of central and western 
Bohemia and Sudetic area were formed. In the 


lare Stephanian only a few kilométrés wide but 
tens of kilométrés long half-grabens (Blanice and 
Boskovice Grabens) of NNE direction were ori- 
ginated. 

In the middle Westphalian rhe déposition took 
place in two separated areas — in western and 
central Btihetnia and in the Sudetic area. Basal 
sédiments of both depocentres infillcd erosivcly 
or tectonically establishcd river valJeys. SW-NE 
irending morphological dépressions contrast 
with ncarly N-S nacrow graben-like tectonical 
valleys, dcscribcd Irom the PIzeh and Kladno- 
Rakovnik Basins (Pasek & Lhban 1990; Pesek 
1994), rhe dimetion ofwhich is comparable with 
that of the Blanice and Boskovice Grabens. 
During the Westphalian D and Cantabrian an 
extensive increase in sedimentary area resulted in 
connection of central and western Bohemian 
depocentre with the onc in the Sudetic area 
around the Westphâlian-Scephanian boundary. 
Another substancial widening look place after a 
hiatus in ihc Stephanian C when the sedimenta¬ 
ry area rcachcd its maxinium due to ncwly esta- 
blished grabens which w'erc connected with 
basins of the Sudetic area- 

Sedimentary record in most of rhe C^zech Lare 
Palaeozoic continental basin.s î.s interrupted by 
several hiatuscs. In the Westphalian and 
Stephanian cwo important interruptions hâve 
been proved on the basis of floristical and litho- 
logical changes. The firsr one, ranging from the 
l.ate BoI.sovian to chc Early Westphalian D is also 
détectable in somc other basins in Poland and 
the eastern part ot Germany. The second hiatus 
is dated to the Early Stephanian C. During both 
hiatuscs sigjiificanc reworking ot tectonic and 
structural plans of basins and their basement 
resulted in changes of sourcelands and an exten- 
.sKne widening in sedimentary area acconipanied 
by shifting of the axis of maximum subsidence 
after a hiatus. Another, liowevcr, only floriscically 
evideneed gap is supposed by Wagner (1977) 
from Lare Cantabrian to Early Stephanian B. 
Tectonic activiry was connected wnih intensive 
vülcanism concentrated mostly înto middle 
Westphalian and ro rhe Stephanian C-Aucunian. 
For rhe Westphalian, humid and probably warm 
climate is assumed. Since the Lace Stephanian 
(Forezian) a seasonal climate with respect to rain- 
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fall fluctuation has been cvidenccd, Primary red 
beds predominate in rhe Late Srephanian and 
Permian sédiments ai a conséquence of graduai 
increase in aridity to the end ot the Palaeozoic. 
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ABSTRACT 

Carboniferous to Permian basins reflcctcd compression régime of the 
Variscan orogeny during rhe continent-continent collision in final stages. 
The fragments of these microplates are preserved in the Alpine Western 
CarpathLuus basement (CWCZ, NGZ vers. IWCZ). On the bases of sedi- 
mentary sequence analysis two zones of continental collision diftering in time 
were c.stablishcd: (1) irncrnal wiih rerminarion of collision during Breronian 
(pre-Sudetian) events, resulting in ihc syn-collision Toumaisian-Visean 
fly.sch; (2) c.\ternal wilh termination of collision during pre-Asturian events, 
comprising the Bashkirîan, and in rhe innermosr part of the Western 
Carpathians (Bükk Mountains in the northern part of Hungary) partly even 
the Early Moscovian flysch sequences. 


MOTS CLÉS 
Pifri-Téthys, 
Carpates occidentales, 
orogenèse tardi varisque. 

CârbonifcrL. 

fVniien, 

bassins syn- ot post-orogeniqucs, 
collision. 


RÉSUMÉ 

L'intewalle Carbonifère mpérieur à Permien inférieur dans les Carpates occiden¬ 
tales : marge septenirionale de la Tethys. I es bassins d’àge carbonifère à per¬ 
mien reflètent un régime de compression apparicnam à rorogênc.st varisque, 
lors de la collision continent-continent dans- les stages finaux. Les fragments 
de ces microplaques sont préservés dans le socle des Carpates alpines occiden¬ 
tales (CWCZ, NGZ vers. IWCZ). D'après l’analyse des sequences sédinien- 
taires, doux zones de collision continentale peuvent être établies : (1) interne 
avec la fin de la collision pendant la phase Bretonne (pré-Sudète), entrainant 
le dépôt du flysch tournaisicn-viséen inférieur syn-toHision ; (2) externe- avec 
la fin de la collision pendant la phase pre-AMurienne, comprenant le 
Bashkirien et. dans la partie la plus interne des Carpates occidentales 
(Montagne du Bükk dans le nord de la Hongrie), le dépôt de flysch d'âge 
moscovien inférieur. 


GEODIVERSITAS • 1998 • 20(4) 


621 



Vozârovâ A. 


INTRODUCTION 

The kinemacic évolution of the West 
Carpathians orogenic sracm wâs created during 
both Variscan and Alpine timc5- Fragments of 
newly fbinicd £pi-Variscan crusr werc incorpora- 
ted in the Paleo-Alpme West Carpathian umts as 
evidenced by repeating subducrion/collision and 
transform faulc processes. The Epi-Variscan crust 
gradually amalgamared due to cru-stal thickening 
during Early to Late Caibonilerous collision 
events, as the collidlng microplaies of Alrican 
affiniry moved southwards The Early 
Carboniferous flysch troughs originated in inrra- 
suturai embayment continuing in the Late 
Carboniferous peripheral basin on the iindcr- 
thrusting plate of the African promontory. The 
post-collisional Permian évolution of the 
Western Carpathian realm continued by forma¬ 
tion of rransrension/transpression and rifting- 
related sedimentary basins. 

Like most of the otliet collisional fold belts» the 
Western Carpathians hâve been traditionally 
divided into external and internai structural 
zones. The main différence beeween distingui- 
shed Structural zones is in the âge of the main 
Alpine events and in the intensity of their defor- 
mational and metamorphic effects. These arc: ( 1 ) 
internai zone, the HP/LT Late Jurassic subduc¬ 
tion event and Early/Middle Cretaccous colli¬ 
sion, followed by nappe stacking; (2) external 
zone, the Late Cretaceous/Early Paleocene to the 
Oligocene/Early Miocene subducrion/accretlon 
and collision events. The fragments of chc Late 
Paleozoic scdinicntar}'^ basins filling arc preserved 
only inside of the internai zone, as a part ol prin¬ 
cipal cfustal-scale superunits (from N to S: the 
Tatricum, Veporicum and Gcmcricum), and 
several cover nappe Systems (Patrie, Hronic and 
Silic) as wcll as of the Bôrka and Tu ma nappe sli- 
vers (Fig. 1 ). 

Relies of the Late Carboniferous sedimentary 
sequeuces are proved by lirhofacial and biofacial 
data in a relative wide range of sedimentary envi- 
ronmctiis, from shallow-water marine to paralic 
and continental. l’he Early Permian sédiments 
confirm only continental environment as a whole. 


GEOLOGICAL FRAMEWORK 

Different types of Variscan basement were over- 
srepped by the Late Carbonifcrous/Early 
Permian sedimentary seqtiences, With respect to 
the metamorphic overprint, independenc of the 
age of metamorphism, the Alpine-Western 
Carpathian basement may be subdivided into 
chree zones (Fig. 1): 

1 . The Central Western Carpathian crystalline 
zone (CWCZ) which comprises mainly meta¬ 
morphic rocks and huge masses of pre-Mesozoic 
granicoids- Pièces of pre-Vari.scan metamorphic 
crast were mo.st probably included in this zone. 
Several prc-Alpine lerrancs werc idcntified within 
large portion of the CWC-Alpinc nappe units 
(Tatra T., wirhin Tatric. Northern Veporic and 
Zemplinic Units; Kohüt T., within Southern 
Veporic Unit; Hypoth. Ipoltica T., within 
Hronic LInit; Vozârovd Vozar 1993. 1996). 
Ncarly ail underwent Variscan metamorphism 
dunng Early Carboniferous post-dating some- 
times siich of SiJiirian/Devonian or alsn older 
metaînorphic events. Magmatic activity is 
conccncrated into ma stages (Rb-Sr; U-Pb: 
approx. 360-340 Ma and .320-300 Ma; Cambel 
& Kral 1989: Cambel étal. 1990). 

Rare post-orogenic A-magmatites correspond to 
Permian age (Rb/Sr; 280-250 Ma; Cambel et al 
1989) Geochemical dara indicare the operation 
of subduction sysrem and then collisional-type of 
orogeny (Hovorka & Pctrik 1992; Kohik 1992; 
Petn'k et al. 1994, 1995). Granulites and leptiny- 
te-antphibülicc complexes wirh pièces of meta- 
ultramafic rocks and régressive overprinted 
cclogites are intégral part of the CWCZ base¬ 
ment (Hovorka & Meres 1989, 1990; Vozarova 
1993). 

2. The Northern Gemeric zone (NGZ) with 
relies of the Namurian-Visean flysch and thrust 
wedges ol pre-Carboniferous oceanic crust. This 
zone rcpresciits the Variscan collision suture, 
amalgamating two major Variscan microplates 
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Fig. 1 — Tectonic sketch of the Slovak part of the western Carpathian (see legend Fig. 8). 
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(Vozarova Vozar 1987» 1988; Ncubaucr 1988; 
Neubauer Vozarova 1990). lo this domain 
cwo since iindated Variscan terranes (Klatov and 
Rakovec T.; Vozarova &c Vozar 1993, 1996), 
which diftcr cach ol other in ttrccono-mt^ramor- 
phic development and probably also in rhe âge ol 
protolirh. rheir graduai amalgamation was 
taking place in tbe Early Carboniferous because, 
as the Uppermose Viscan/Serpukhovian is in 
shallow water carbonatc-clastic development 
(magnesite horizon within the Ochtina Group) 
and after stratigraphie hiatus in the Naniurian B- 
C, were unconformably ovcriapped by rhe 
Moscovian marine molasse. This unconformably 
lying marine molasse partly covered also the 
Early Carboniferous flysch sequence (easrern part 
of NGZ), to fix np the Lace Variscan thrust shect 
structure. 

d'he mutual contact ot rhe pre-Carboniferous 
crystalline complexes is rcctonic, followcd by 
lenses uf antigüriric:»crpenrinites. 

High-grade cry.stalline complex (tbe Klatov T.) 
consiscs of mainly amphibolite.s% less gneisscs and 
meta-ulitamafïc rocks. Meta-ulirainaflc rocks 
and metabasah wclc considered as a part of 
incomplète opbiohte suire (Hovorka et al. 1984; 
Spisiak et al. 1985). Findings of régressive over- 
printed cclogitic rocks make possible to assume a 
polyphasé meramorphic P-T pach tvith previous 
high-pressure conditions. This is rhe main reason 
for recent comparing of rliis ctîmplex with lower- 
crusral lepiinite-amphibolite complexes 
(Hovorka étal. 1992), 

Low-grade cn'stalline complex (the Rakovec T.) 
is composcd predomlnantly of rholeilric meraba- 
salcs and metabasaltic volcanoclasfics, associated 
with less amounts of sandy-pclitic mccascdimcnts 
and small bodies of gabrodiorites as wcll as meta- 
keratopbyres. l’he magrnatte rocks show geoclie- 
mical characteristics near to E-MORB/OIT 
basalt.s (Ivan 1994) and partly tu island arc 
basalts. vSeveral teasons speak in favour of a back- 
arc/supra-subduction zone setting of this crust 
(Vozarova 1993). 

3. The Inner Western Carpathian crysralline 
zone (IWCZ) which is subdivided into two 
subzones: the Southern Gemeric zone (SGZ), 


the Tunia-SzcndrO'Bükk zone (TSBZ). 
Dominant part ol rhe Southern Gemeric zone is 
composcd ol ihc Early Palcozoic volcanogenic 
flysch tormacion and its Permian-Triassic cover 
(rhe Gclnica T; Vozarova & Vozar 1993, 1996). 
A huge mass of volcanogenic flysch comprises a 
distinct leaiurc of turbidity carrent and other 
mass-gravity Ilow sedimentatioit (Ivanicka et ai 
1989). Besides of a quanrity of redeposited acid 
to iniermcdiatc volcanoclastic material, derived 
from synsedimcntaiy continental magmatic arc, 
also derritus Irom rhe subduction complex or 
fragment of oceanic crust are insufficiencly pré¬ 
sent. Régional metamorphism ol the SGZ base¬ 
ment did not exceed the low-pres.sure greenschist 
faciès (Sassi ik. Vozirova 1987, 1992). The âge 
was proved palynologically within the wide and 
the most probably not précisé range of the Latc 
Cambrian co Early Devonian (Snopkova & 
Snopko 1979). Early Paleozoic âges (497-391 
Ma) are also proved by U-Pb dating from zircons 
in mecavolcanics (Cambel et al. Scerbak et 
al. 1988). Tbe Precambrian age of ihe continen¬ 
tal .source area was cstablished from decrital zir¬ 
cons in mctasedimenis (U-Pb; 600-900 Ma; 
Cambel et al, 1977). The SGZ Early Paleozoic 
flysch sequence (the Gclnica Croup) was inter- 
preted as a relie of fore-arc filling rclated to active 
continental margin (Vozàrovà 1993). 

Within the Turria-Szendro-Bükk zone rhe pre- 
Carboniferous complexes arc (»nly fragmentary 
pre.served. I hey are represented mainly by rhe 
shallow-water to basinal scquences of passive 
concinenral margin of rhe northern Gondwana 
promonrory (for précisé description: Kovacs 
1989; Füldp 1994 and oibers). 

*J*hc Bxshkirlan olistostToma flysch complexes are 
the most typical fcaturc ol tins subzonc. Tbey 
were describcd within the 7urnaic Unit in the 
(nner Western Carpathians (Vozarova & Vozar 
1992) as wcll as in the Szendrô and Bükk 
Mouncains (Kovacs 1988, 1992). The slight or 
no Variscan metamorphism is typical for TSBZ 
Paleozoic complexes. Only exclusion are 
sequences of the Bashkirian llvsch in the Western 
Carpathian Turnaic Llnit, the Vaiiscan régional 
metamorphism of which reached the low-prcssu- 
re greenschist faciès (Mazzoh & Vozàrovà 1989). 
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Fig. 2. — The Westphalian of the northern Gemeric Unit (see legend Fig. 8). 


UPPER CARBONIFEROUS 
Marine development 

The Westphalian sequences are preserved within 
the paleO'Alpine Norrh Gemeric Unit (Fig. 2) as 
tectonically reduced fragments. Their lecconic 
setting, related TO continental collision,, scartcd in 
the Westphalian A by delta-fan, coarse- grained, 
very oftcn bouldcr conglomérâtes, containing 
détritus derivçd from underlying pre-Late 
Carboniferous rocks complexes. Due to strong 
Alpine reworking the direct contact of tliese 
basement rocks and basal part of ihe 
Westphalian delraic-marine overstep sequences is 
preserved only in some places. Basal conglomé¬ 
râtes of the Rudhany Formation unconlormably 
overlap the gneiss-amphibolitc complex ol the 
Klatov T'erranc in the vicinity of the Dobsina 
lown, metasediments and metabasalts of the 
Rakovec Terrane in the wider areU of the 
Rudhany village, and the Early Carboniferous 


flysch sequence ot CrnieF Formation in the area 
between Margccany and Ko^ickâ Bêla (more 
details referring to Variscan and Alpine history of 
the Nortli Gemeric T’erranc in Vozarova & Vbzàr 
1993, 1996; Vozarova 1996). Black shales and 
micaccous grey sandstorte intercalarions arc nor¬ 
mal member of the fining upw^ard Rudhany 
Formation. The floriscic finds \vas derermined by 
Némejc (1947)' Cordaites palmaeformis 
Goeppert, AsterQphyllitei çf. grandis^ Asterothvea 
miltonii Artis, Nenropteiis sebutzei Poconic, N. 
gigantea ubhrevùitû Stockmans, 

After initial rapid sédimentation the littoral to 
shallow-neritic limestones werc associaied vvith 
finc-grained clastk metasediments. This derritic- 
carbonatc Jithofacies corresponds to basal part of 
the Zlatnik Formation, from which the 
Westphalian B-C age is indicared by rich trilobi- 
te fauna: Griffithides dohsinemh Illés, Gtijfithides 
lozhszniki Rakusz, 19.32; CunnningelLi sp. aff. 
bctlladoolensh Reed, 1942; Palladi7i sp. aff. eich- 
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waldiVxsùïtVy 1825 {in Ralcusz 1932; Boucek & 
Pfibyl 1960). Basing on flora findings Nèmejc 
(1947, 1953) ranged rhi-s sequence to tlie 
Westphalian A-B*. Paripteris giganteay Stylocala' 
mites suchovîL Neuropteris t?eterophyllay Neuro- 
pteris gigayttea 5tbg, Nenropterts flexuosa 
Brongiart, Calatnites cLcisù Brongiarr. The cono- 
dont Idiognatoides simunus Harris-Hollingsworrh 
proved Westphalian A agc (Kozur Mock 
1977). 

Upper part of the Zlatm'k borniarion comprises 
fine-graincd clastic metascdiments associated 
with fine basaltic voicanoclastics and scarce effu¬ 
sions oi high-K tholeiitic basaJts. It reflects dee- 
pening of thc Moscovian sedimentary basin. 
Poor microfloral assemblages proved the Late 
Carboniferous agc, but no accurate division, 
Termination of the Moscovian pcripheral basin is 
reflected by the paralic sequence of the Himoi* 
Formation. Tt is charactetized by: (I) distinct 
cyclical, coarscning-upward shally-sandy- 
conglomeratic sedimems; (2) absence of synsedi- 
mentary volcani.sm; (3) local occurrence of riL> 
bed coal searn. The inicrofloral assemblages 
proved the Westphalian D âge; Reticulatisporites 
irregularis Kosanke, Thymospora thiessenii 
(Kosanke) Wilson et Venkatachala, Apiculati- 
sporites raisnickii (Dyb.-Jach.), Angulisporites 
splendidns Bharadw., llliniies elegam Kos. (Ilavska 
1962 unpublished report; Planderova 1979 
unpublished report). 

The metaniorphic grade in thc Moscovian 
sequences did nor exceed P-T condition of the 
boundary between anchizone and lower limit of 
the greenschist faciès 

Continental de\'Elopment 
Westphalian-Stephanian continental sequences 
are preserved within the several Alpine Central 
Carpathian nappe units, such as very strong 
reduced relies within thc Zemplinic, Southern 
Gemeric and Hronic Units. Direct contact ber^ 
ween Wesphalian continental oversrep sequence 
and its immédiate basement is expressed only in 
the Zemplinic Unit. 

Zemplinic Unit 

The crystalline rocks of the Zemplinic Unit 
(Fig. 3), together with their Late Paleozoic and 


Mesozoie envelope, make up a tecronic horst 
scriking NW-SE. uplifted from the basement of 
Tertiary filling of the East Slovakian (Trans- 
carpathian) basin. According to the characier of 
crystalline rocks and mainly .Mesozoie develop¬ 
ment it may be correlated with thc other units of 
the TatrO'Veporic domain (Vozirova 1989; 
Faryad 1995; Rysra Susp. Terr., tn Vozatovd 6c 
Vozar 1996). The Zemplinic Wesrphalian- 
Stephanian sequence cpnsists of four partial 
lithostratigraphic units (Cerhov, Luhyha, Trha, 
Ka^ov Formations: in Boucek & Pribyl 1959; 
Grecula & Eg)âid 1982; Vozarova 1986), Their 
stratigraphie range established according to 
macro- and microfloral findings (Nèmejc 1947, 
1953: Nèmejc 6c Obrhel 1958; Planderova et al. 
1981). 

Polymictic conglomérâtes, with grain-supported 
structure and rclativcly wcll-rounded pebble 
material are dominant lithofacies of the Cerhov 
Formation. They are interprered mostiv as brai- 
ded-river deposics. The lithostnitigraphic profile 
consists of repeated small fining-upward sedi- 
mentary cycles with prévalent conglomeratic or 
sandy-conglomeratic components. Minor black 
shale and siltsrone intercalations occur in the 
upper part of the sequence. The dating, 
Westphalian D-Srepbanian A. is based on domi¬ 
nant microflora: Triqnirrites sp., Microleticulati- 
sporites suIcutHS (Wils. et Kr.), Tripartites sp., 
Cyrratriradites irizonurius Dyb. Jach. 

The gradually evolving Luhyna Formation 
consists of fine grained lacustrine sédiments 
sandstones, mudscones and shales of grey to 
black colour, inrerrupted bv cpisodic events of 
distal- fan screaras. The Stephanian A âge was 
proved mainly by macroflora: Calamites cktii 
Brongn., Pecopteris cf. mihonii Arcis. Alethopteris 
sp., Asîcrophyllites trichomatosm Stur. Microfloral 
assemblages are indicative of the Sreph:tnian A-B 
range. Dominant spores are: Torhpora seenrh 
Balme: Lycospora granulata Kosanke, Punctati- 
sporites pîifictatus {Kosânkc., 1920) emend. 
Alpern, Demosporites graciUs Smith et Butrer- 
worth, and striatc pollen of thc genus Vittatina 
are less frequent. 

Cydothems wifh thin coal scams represent the 
Tîha Formation. The Early Stephanian âge was 
inferred on the basis of plant findings: Pecopteris 
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Fig. 3. — The Westphalian and Stephanian of the Zemplinic Unit {see legend Fig. 8). 


cyathea Schlothfim. Cordaites horassifolius 
Sternberg. Sphetiophyllum emürginahan Brongn., 
Asterothecâ arborescens Brongn,, Aleihopterls bohe- 
mica Frankc. Calamites cistii Brongn., Stigtnarm 
ficoides (Stcrnb.) Brongn., Annubma. psettdostelLt- 
ta Potonle, Lepidophloios laricinns Sternb., 
Lepidostrobophyllum majus Brongn, Pecopteri- 
dium cf. casîeii Zeiller. The Irha Formation can 
be divided into two large ctcIcs (sevcral hundreds 
of m thick). l"he lowêr cycle contains seven litn- 
nic- fluvial cyclothcms with coal seams of 
variable rhickness (from several cm up to 160 
cm). Generally, the sédiments are rich in clastic 
mica, plant débris, fragments of tree minlo and 
barks. Distinct cyclicity of fming-upward type, 
with sets of layers of black shaJes with thin coal 
seams and occasionally dark clayey lenses and 
nodules of limestones, indicare limnic-fluvial and 
swamp environments. The second large cycle is 
characterized by alluvial strcam-channel lithofa- 
cies, with dominant sandstone menibers and 
absence of the coal-bearing association. Several 


levels of rhyolite-dacite, calc-alkaline volcanoclas- 
tics are typical for this part of sequence. 

*rhick layers of rhyolice-dacire volcanoclastics 
(including ignimbrites) and alluvial, stream- 
channcl and flood plain sédiments with domi¬ 
nant sandscones are predominating lichologies of 
the Kasov Formation, Based on the microfloral 
assemblages, the- Kasov Formarion was assigned 
CO the Stephanian B-C. The following microflora 
assemblages werc identified: Thymospora perver- 
rucosil (Alp.) Wil.s. et Ven., Ctduminisporites ovalis 
Peppers, Latensimi triletus Vittatina ovalis 

Klaus, Spinosporues^Ÿ'^ Disatdtes striatiti dxv. sp., 
Cordairina sp., Vestisporu fenestrata (Kos.) Wils. 
efVen., Cycloff'iwisporitapergranultisA\p. 

Hronic Unit 

The Hronic Unit (Fig. 4) lias been defined as a 
rootless megastructural Alpine unit consisting of 
two partial nappes: Sturec and Choc nappes 
(accord, to Andrusov ev ai 1973). Due to uheir 
internai structure and mutual relations as well as 
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Fig. 4. —The Stephanian of the Hronic Unit (see legend Fig. 8). 


facial charactcrisdcs the partial nappes hâve bcen 
distinguishcd as maînly Triassic complexes. Both 
Hronic nappe units contain Late Paleozoic volca- 
no-sedimcntary formations, preserved variably as 
a conséquence of tectonic réduction during the 
nappe thrusting. Remains of these séquences are 
known in many mountain ranges in the Western 
Carpathians. whcreby their tectonic position is 
always equal. between the Veporic/Fatric Unit 
and Northern Gerneric Unit resp. higher 
Mesozoic nappe units, 

There is no evidence neither for the underlying 
pre-Stephanian sédiments nor for the immédiate 
crystalline basement. Tectonic slices of granitoid 
blastomylonites found in the basal part of rhe 
Sturec nappe might be partiy indicative of its 
composition (Andrusov 1936; Vozarova &c Vozar 
1979). Data obtained through petrofacial analy¬ 
sis of clastic .sédiments proved an affinity to a 
magmatic arc source area (the hypothctical 
Ipoltica lcrr.. Vozarova ôc Vozar 1993). 

The Stephanian, Nizna Boca Formation, is gene- 
rally a régressive clastic scquence wirh a distinct 
tendency of coar.sening upward. Numerous small 
repeating fining-upward sedimentary cycles arc 
the most typîcal feacure. Abuiidant graded-bed- 
ded sandstones with minor mudstone intercala¬ 


tions. as wcll as layers rich in plant détritus indi- 
cate a fluvial-lacustrine delta association. 
Séquences of fine-graincd sandstones, mudstones 
and shales of grey to black colour correspond to 
lacusrrine lithofacics. Syngcnctic. mostly subac- 
rial dacite volcanism is represented by abundani 
redeposited volcanogenic matcrial mixcd with 
non-volcanic détritus, Icss by thin layers of dad- 
tic tuffs and exceptionally with small lava flows 
of daeîte. 

Macroflora from the uppermost part of the 
Nizna Boca Formation indicates its Westphalian- 
Stephanian âge. Sitar (/;/ Sitar &c Vozar 1973) 
dcscribed wcll-preserved relies of Asterotheca mil- 
torûi Artis. Asterotheca arhoresceris Brongn., 
Cordaites palmaeformis Coepp. and Cnllipteri- 
diiim gigas Gutb. The similar flora \va.s determi- 
ned by Ncmejc {in Mahef 1954) from strongly 
tcctonically rcduccd rcmains ot ihc casternmost 
Niznd Boca Formation occurrences; Calamites 
sp.f Lepidostrobophyllufii majns, Stigtnaria ficoides 
(Sternb.) Brongn., Astherotheca miltonii Artis, 
Palmatopteris furcûta Potonié. Basing on palyno- 
logical analy.sis Planderova (1979) distinguished 
two microflora assemblages: (T) the Stephanian 
A-B, Torispora securts Balm., Lycospora pusilla 
(Ibr.) Som., Verrucosisporites pergrantdus (Alp.) 
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Smith.> Cmssispora kosankei (Pot. Kremp.) 
Bharadw., Laevigatosporites vulgaris (Ibr.) Alp, 
Doub., Thyfrmpora pseudothiessenii (Kos.) Alp, 
Doub., (2) the Stephanian C. Laevigatosporites 
div. sp.» Cyclogm7}isporjtes densus Bharadw., 
Lycospora pusilla (Ibr.) Som., Foveolatisporites 
junior Ros., Flanisporites kosankei (Knox) Pot. 
Kn, Cadmpom magna Kos.. Allatisporites verni- 
r(7^«i-Alp.. A. hexalanu Mp., Potonieisporim à\v. 
$p. and lysac'dtes srriatiti. 

Southern Veporic Uni’i* 

The Southern Veporic basement is a composite 
and very strong Alpine reworked segment of the 
Variscan crust. Dominant part of this basement 
consists of several types of low- to medium-grade 
metamorphic complexes. The occurrences of Ah 
Fe rich metasedimcnts (Korikovskij étal. 1989; 
Kovacik 1991; Meres 6c ffovorka 1991) and 
orthogneisses of magmatic arc provenance 
(Hovorka et al. 1987) are spécial type. Besides of 
these rock complexes relies of migmacitîzed and 
strongly diaphtohzed high-grade crystalline com¬ 
plexes were distinguished (?Piotcrozoic in âge: 
Bez'ik 1991). The Carboniferous cover is repre- 
sented by upward-coarscning scquence of the 
Stephanian sédiments (the Slatvina Formation). 
Their direct contact with the basement is hard to 
prove, due to either iMpine ihrusting or contact- 
thermie effeers ol younger granitoids (Vozarovà 
& Vozar 1982; Vo/jrovi 1990). 

Well-preserved cyclical structure as a mulriply 
vertical alternation of gray meta-sandstones and 
dark-gray/black metapelite.s and their régional 
unification in twm large coarsenîtig upw.ird 
régressive cycles indicate mutual prograding from 
deltaic to fluvial environment. This prograding 
trend is, on the conirary to the rapid change of 
sédiment coJour from black or dark-gi'ay to light- 
gray/light-green, due ro changes in .sedimentary 
environment as well as climaiic conditions. In 
reaches of stillwater rherc tendcd co develop 
anoxie conditionsj resulting in formation of 
black shales. Abondant carbonized plant détritus, 
relies of lissue fragments, spores of terrestrial 
plants are indicative ot the proximity of plant 
covered continent. 

Conspicuous stratification and cyclicity^ tabulât 
and relafively uniform sandstone strata are the 


main sedimentary fearures. Most others were 
destroyed by the Alpine régional rectonometa- 
morphism and by conséquent thermal relaxation 
(Vozdrova 1990), 

On the basis of abundanr pollen of the généra 
Potonieisparites 1957, Illinites 

1950, Striatosaceites jizba^ and Flortnites et 
B., 1944 and the species Tbynwspora thiessejiii 
(Kos.) Wils. et Venk. The sediment-s are classed 
with the Stephanian C (Plandcrova & Vozdrova 
1978). 

EARLY PERMIAN 

Generaily, the Early Permian séquences arc repre- 
sented by continental, tnainly coarsc-graincd 
sedimentary lornvations, the origin of which was 
fir.st of ail rclated to transprcssional and then 
exten.sional tectonic regime. Intégral part of these 
formations are volcanitcs and their volcanoclas- 
ücs, among chem the calc-alkaline rhyolite-dacite 
less andésite and continental tholeiitic andesite- 
basalts are rhe most extensive. 

The Early Permian sédiments prove mostly very 
low structural and minerai maturity. 9 hey show 
provenances from the uplifted and tectonic reju- 
venated crystalline basement or uneven eut mag¬ 
ma tic arc. The prévalent sédiments deposited in 
alluvial oc fluvio-Licustrine and ephemeral lake 
environment, as well as semiarid ro arid climatic 
conditions caused the absence of horizons 
coinaining fauna and flora. Biostratigraphical 
data are supported by microfloristic investiga¬ 
tions. based on relative poor pollen and sporo- 
morpK .speerrum. 

Central Western Carpathians crystalline 
ZONE 

Within rhe Central Carpathians crystalline zone 
the superposition of the Early Permian deposits 
is the following: 

- unconformably lying on the crystalline base¬ 
ment; 

- graduai prograding from rhe underlying 
Stephanian sédiments with the sharp change of 
sédiment colour due to rapid climatic alterna¬ 
tions. 

A représentative of the First type formations is 
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Rg. 5. — The Autunian and Saxonian of the Zemplinic Unit (see legend Fig, 8). 


the sequence of che L'ubietova Group comprising 
the Brusno and Predajna Formations (Vozarovâ 
1979). 

Principal leatures of the Brusno Formation are 
the following: dominant arkosic sédiments of 
psamitic/psephitic grade and evidence of synsedi- 
mentary volcanism (the Harnobis volcanogcnic 
horizon). Monotonous, mostly light-grey and 
greenish-grey coarse-grained sédiments Indicate 
an environment of low-sinuosity rivers. Frequent 
washouts, erosive channels and in facr poorly 
preserved overbank and crevasse scdimcnc.s are 
évidences of quick and chaotic changes of brai- 
ded alluvia with prévalent autocyclic erosive pro¬ 
cesses. The provenance of detrirus was proved to 
be underlying crystalline basement, malnly che 
granitoid and migmatite rock complexes 
(Vozàrova 1979). The Harnobis volcanogcnic 
horizon consists mosriy of dacite effusions asso- 
ciated with dominant pyroclastic tulVs, in part of 
them ignimbrices and epiclastic dcposits. Less 
frequenr are andésites and thcir volcanoclasdcs. 
According to rheir chemical composition the vol- 
canics correspond ro calc-alkalinc variery with 
afFinity to subalkaline magmatic trend. The âge 


of the Brusno Formation is not reliably biostrati- 
graphically dated. 

The Predajna Formation overlaps disconforma- 
bly che Bru.sno Formation. Hiatus is documented 
by a conspicuou-s change of the drainage System 
as well a.s of ihe source area, the latter being 
reflecied in distinct différences in composition of 
the détritus {mosriy micaschisc. paragneisses, 
microgranites and the Harnobis volcanics). 
Variegated polymict clastic sédiments indicate an 
alluvial fan and piedmont flood plain sedimenta- 
ry environment with isolated discal cphcmeral 
lakes. fwo rcgionally developed megacycles, with 
thick horizon of conglomérâtes at che base of 
cach of rhenij are reflection of chc synsedimenta- 
ry tectonic. The second is partîally reduced due 
to pre-Triassic érosion. 

The Permian âge of rhe Prcdajnd Formation was 
assigned according ro poor microflora: 
Monosiilcites minimiis Cookson, Gnetaceapol- 
lenites sp., Gymatiosphaera sp., Karpathporites 
minimns Pland.. PuncUitisporhes sp., Reticiila- 
ihporites sp., Florinites sp. (Plandcrova et 
V'bzirova 1982). 

The grade of metamorphism of the North 
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Fig. 6. — The Autunian and Saxonian of the Hronic Unit (see iegend Fig. 8). 


Veporic Permian deposits did nor exceed the 
boundary between anchizone and the lower-tem- 
pcrature part of grccnschist faciès. 

Représentatives of the second type of formations 
are the Early Permian deposits in the Zemplinic, 
Southern Veporic and Hronic Units- 
A sharp transition from a humid to arid climate 
is characceristic for Permian sédiments of the 
Zemplinic Unit (Fig. 5). During the Permian 
sedimentary development the synsedimentary 
tectonics was less intense compared to rhe 
Westphalian-Stephanian and, as a conséquence, 
the rates oi .sédimentation and volcanic activity 
were reduccd. Generally, the déposition procee- 
ded in an alluvial envixonment with the cypical 
features of semi-arid and arid régions. Many 
coloured sedimentary complexes of the Cejkov 
Formation comprise proximal and distal alluvial 
faciès (polymict conglomérâtes and sandstones) 
alternating with deposits of flood plain or of 
ephemeral arid Jakes (niud.stones alternating with 
shales and fine-grained sandstones and calcrete 
horizons). Characteristic, poorly sorted sédi¬ 
ments rescmble fossil mudstone and debris-ttow. 
A part of this scqiience includes several layers of 
rhyolite luffs. The Early Permian âge of the 
Cejkov Formation is assigned for abundance of 


the species from the généra Potonieis/writes and 
Vittatina. The assemblages of sporomorphs are: 
Potonieisporiles radiosus Schwarz, P. novicus 
Bhardw-, Nuskoisporitcs dulhuntyi Pot. Klaus, 
Vittatina div. sp., Flormites div. sp, (Planderovà 
et ai 1981). The microflora from rhe upper part 
of the Cejkov Formation proved rhe Late 
Permian: Lueckisporites virkkiae (Pot. Klaus), 
jugasporites dclasaucei KJaus, IJmitisporites rectus 
Lesch , iunatisporites div. sp., Klausipollenites 
schauhergeri Klaus) l..c.sch, Falcisporites zap- 
fei (Pot. Klaus) Le.sch. (Planderovà et al. 1981). 

A compJex of monotonoiis violct-rcdi vaguely 
schistose mudstones represents the youngest 
lithosrratigraphic unit, the CÜernothov 
Formation. Reladvely thln (max. 50 m) scquence 
of monotonous playa association is unconforma- 
bly overlain by light-grey quartzose conglumera- 
tic sandstones of Early Triassic âge. Almost 
massive claystones and mudsrone.s are rich in 
AI 2 O 3 (20-21 %) and ferrie iron (7 %). Poor 
microflora remains. Lueckisporites- wirkkiae (Pot. 
Klaus), Stria tires richteri (Klaus) Jizba, Juga¬ 
sporites lueckuides Klaus, Litnitispontes rectus 
Lcschik, Klausipollenites schanbetgeri (Pot- Klaus) 
lansonius correspond most Ükely to the 
Thuringian. Sedimentological and paleoecologi- 
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cal data indicate that a short intra-Pennian hia¬ 
tus is possible. 

The Early Pcrmian set|uences of the Hronic Unit 
(Fig. 6, thc Maluzlna Formation) are developed 
gradually from thc undcrlying Stephanian. They 
comprise a thick succession of red beds which 
consist of alternating conglomérâtes, sandstones 
and shales. Lenses of dolomites, gypsum and cal- 
crete/caliche horizons occur locally. Fining- 
upward c)'clcs of the order ol several meters, as 
well as thrcc régional mcgacyclcs arranged above 
each other, arc most tj'pical An important phe- 
nomenon is the polyphasé synsedimencary ande- 
site-basalt volcanism with continental tholeiitic 
magmatic trend (Vozar 1977, 1983). 

Generally the sedimenrs of the Maluzina 
Formation originated, in fluvial and lluvial-lacus- 
crine environment, at permanendy semiarid/arid 
climace. Basal parts of thc three mcgacyclcs 
consist of chanel-lag and poini-bâr deposivs, 
associating lacerally with flood plain and natural 
levee séquences. Upper part of megacycles is cha- 
racterized by a playa, scarcc in|and sabcha and 
ephemeral lake associations. 

The microllora proved rhe Early and Lace 
Permian âge of the Maluzina Formation. The 
following assemblages were described by 
PlanderovJ (197.3; in Planderova &c Vozarova 
1982): (1) Autunian: Spinospnrites exignns 
Upthaw-Hcdl., Thyniospora div. .sp.. Colnrnini- 
sporites ovalis PepperS:, Punctathporit^es spedosm 
Kalib., Cordaitina div. sp.» Hliuites imtcus Kos., 
Vittatirut d\\. sp.; (2) Autunian-Saxonian: Uiten- 
sina trileta Alp.» PoUmieupontei novicus Bharadw., 
P. radiosus Sïw/zrr,,, Jiigasporites deliis:iaucei Klaus, 
Vittatina ovalis Klaus; (3) Thuringian: 
Calamospora nathorsüi Klaus, KlausipoUpiites div. 
sp., Carpathhporires sittleri Pland., Lueckisporites 
parviis Klaus, Vittatina angulhtriata Klaus, 
Monosiddtes minimus Cookson. 

The Autunian-Saxonian microflora assemblages 
correspond approximaccly co dic First and second 
megacycles. This assumption is supported by 
206pb/238u -^*^Pb/--^'’U dacing of 263 and 

274 Ma froni uranium-bearing layers of tlie 
uppermosr part of thc second mcgacyclc (Lepka 
in Rojkoviè et al. 1992). 

Sédiments of both formations contain détritus 
derived from; (1) granitoids and high-grade 


mccamorphics; (2) P.syiisedimentary or a Uttle 
older dadre volcanics; (3) andesite/basalc synsc- 
dimeniary volcanics; (4) low-gradc metamor- 
phics. Generally the grade of régional 
metaniorphism did noc exceed P- f conditions of 
diagenesis/ anchizone houndary. 

The srrongly -Alpine reworked mccasediments of 
che Southern Veporic Unit consisrs of coarse- 
grained mcraarkosc.s, meta-arkosic waekes and 
mera-conglomeraccs with abundant graniioid 
détritus. Finc-grained mecasedimenrs are only 
rninor coniponenc. They provide very poorly 
preserved spore -species of rhe genus Luec¬ 
kisporites. ranging these sequence wieb ihc Early 
Permian (Planderovâ &: Vozarova 1982). 

Northern Gkmeric Zonh (Fig. 7) 

Continental Permian sequences overlapped 
slighrly deformed relies of thc Westphalian peri- 
pheial basin filling as vvcll as ail pre-Westphalian 
complexes of the North Gcmcric Zone. Prévalent 
coarse-clasric sédiments derived trom the colli¬ 
sion belt are associated with bimodal 
andesite/basalt-rhyolite volcanism. ïhe de\'elop- 
ment ol tlie Permian depositional realm was 
connected with post-Astiuian rranspression/ 
transtension .stage, as a re.sult in extensional régi¬ 
me duringthe Late Perniian-Mesozoic cime. 
Following are çhe charactcristic features: (1) 
mulri-coloured clascic sédiments with dominant 
violet and violet-red; (2) graduai fining-upward; 
(3) cycücity manifesrexl wichin rhe Framework of 
small cycles as well as megacycles; (4) bimodal 
calc-alkaline volcanism. 

The basal part (the Knola formation) contuins 
mostly poorly sorted polymict conglomérâtes 
and breccias of exrremely variable thickncs.s, with 
pebble material reflecting che composition of the 
direct underlier. The coarse-graincd sédiments 
overlapped different parrs of boeb pre- 
CarbonifcroLi.s crystalline complexes well as 
irregurally eroded surface of thc Westphalian for¬ 
mations. They represenr fossil mudllows, parcly 
reworked in some places, relieved by alluvial, 
inainly stream channci deposics. Age of these 
sédiments is noc determined, duc to lade of fos- 
sils' remai ns. 

Volcanics and volcanoclastics of bimodal mag- 
matic association are the main features of the 
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Fig. 7. — The Autunian and Saxonian of the North Gemeric Unit (see legend Fig. 8). 


Petrova Hora Formation. The polyphasé volcanic 
activity manifested régional and tiine relations lo 
large sedimentary cycles. Sédiments are characte- 
ristic by low degree of maturity and mixture of 
syngenetic volcanic and non-volcanic détritus. 
Among the most srriking fiatures arc the fining- 
upward alluvial cycles, with channel lag^ pointbar 
and flood plain lakes faciès alternating with playa 
lake subenvironment at the topmost part oi large 
cycles. 

The micrortora found in the upper part of the 
Petrova Mora Formation proved Saxonian âge: 
Limitisporitcs moesensis (Grebel) Klaus, Vittatina 
div. sp., Nuskoisporiteî dulhuntyi Klaus 
(Plandcrova 197'-^ unpublished report). This âge 
is supporced by isotopic analysis of sulphides 
from volcanogenic horizons; = 263 

Ma; = 274 Ma (Novotny & Rojkovic 

1981), 

The Auninian-Süxonian terrigenous and terrige- 
nous-volcanogenic scquences are ovcrlappcd by a 
relativcly mature sandy-conglomerates horizon, 
with contents of pebble material derived from 
direct stratigraphie underlier. This could hâve 


been a conséquence of the break in sédimenta¬ 
tion afier Saxonian, but bioscratigraphic évidence 
to support this assumprion is missing. Alluvial, 
stream channel depo.sit-s prograde gradually 
upward to the inland sebklia and near-shore seb- 
kha/lagoonal faciès, with anhydriic-gypsum and 
sait breccia horizons (the Novoveskd Huta 
Formation). Isotopic analysis of sulphur sht>ws 
the resulcs close to data on the Lare Permian- 
lower pan of rhe Early Triassic (Kantor et ai 
1982), There arc graduai transirions up to the 
Clamia cAïn/i horizon. 

The grade of mecamorphism of the Permian rock 
complexes did not exceed the P-T condition of 
anchizone. 

Inner Western Carpathians crystalline 

ZONE 

The Early Permian sédiments were developed 
only within rhe Southern Gemeric Unir (Fig. 8). 
Lare Variscan, post-orogenic overstep sequences 
of the Southern Gemeric Unit are represented 
only by the Permian to Early Triassic continental 
and near-shore, lagoonal-sabcha formations. 
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Fig. 8. — The Autunian and Saxonian of the South Gemeric Unit, t, delta-fan. shallow marine boulder conglomérâtes; 2, marine 
conglomérâtes; 3, marine sandstones; 4, sandstones with admixture of volcanoclastic détritus; 5, acid to intermediate volcanics; 
6, andensite-basalt volcanics. 


rhey unconformably ovcrlapped their Early 
Paleozoic basement, che volcano-sedimentary 
flysch of the Gelnica Group (dcfined together as 
the Gelnica Terr.,. Vdzdrova & Vozar 1993, 
1996), Generally, the Early Permian volcano- 
sedimentary complexes arc characterized by a 
high content of mature dcirirus, mainly in iheir 
basal part. Conspicuous upward fining is accom- 
panied by relative decreasc of composiiional 
maturiw and grain-size of sédiments. Sédiments 
represent the relies of sedimentary basin filling 
which originated in transpression/transtension 
régime, prograded to the initial stage of posr- 
Variscan rifting. The whole sequence is subdivi- 
ded into two lithostratigraphic unies: the 
Rozhava and Stitnik Formations. 

Characteristic lithotype of the Rozrîava 


Formation are rhe oligomict, quartzose conglo- 
meratc.s, vviih indistinct stratification. The whole 
sequence is subdivided vertically into rwo large 
cycles, with conglomerate horizons at the base of 
each and sandstonc-shale member berween rheir 
rwo. Dominant are stream channel and sheet- 
flood deposits, with unimodal rransporr System. 
Both conglomeratic horizons are connecred with 
rhyolite-dacite subaerial volcanism. Their Chemi¬ 
cal composition correspond to calc-alkaliiie mag- 
matic type. The Early Permian age of the 
Rozhava Formation is assumed on the basïs of 
micrortora, with the predominvtnt species of the 
généra Potoniehporites, Str'mtodisacàtesy Vittatma 
sp. and mainly the form Tnquitnteii additus'^'A%. 
et Hofm., Potonieisporites novicus Bharadw., 
Vittatina costabilisWAs (Planderova 1980). 
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The gradually progradcd Stitnik Formation is a 
monoronous complex of cyclically alternating 
sandstones, siltbtones and shales. Lenses of carbo- 
natic sandstones and doloniitic limestones with 
intercalations of shales occur only in its upper 
part. Thin lenses of phosphaiic sandstones and 
sédiments with cxtrcmcly high content of albice 
(albitolices) are excepcional. Sédiments concain 
relatively high amount of rhyolice/daciie détritus 
(Psynsedinienrary or redeposued from rhe 
Rozhava Formation). Sedimenrary environment 
is interpreted as vilkivialdacustrine and lacustrine, 
with high-alkalinc lakes in some places, progra- 
ding into ncar-shorc, lagoonal-sabcha faciès. Age 
déterminations arc known only front che upper- 
most part. The Late Permian was proved on the 
basis of cône slice and rwig of Pseudovoltzia lie- 
beana (Geinitz) Florin, and leaves of the genus 
SphenozamiteSs as well as remains of bivalve tests 
of the genus Carbonicnla MeCoy, 1855 (Suf 
1963). Mictofloral assemblages confirm rhe Late 
Permian-Early Triassic age of this horizon 
(Planderova 1980). 

Generally, séquences of rhe Southern Gcmeric 
Permian arc disdnctly dynamometamorphically 
deformed, with grade of metamorphism reaching 
P-T condition.s of anchizone to low-cempcraturc 
part of grcenschi.st faciès. 

Within chc Inncr Western Carpathians (the 
Turnaic Unît; l’SBZ) the continental rcd*bcds 
unconformably overlying che Bashkirian flysch 
are most probably the Late Permian in age (since 
biostrarigraphical undated). 

DISCUSSION 

The Carboniferous-Permian sedimentary basins 
of the Western Carpathians originaced in rime 
and spacc as a conséquence of collision/subduc- 
cion events of Variscan orogeny. The topical dis¬ 
tribution of chese basins, as well as the lithofacial 
character of their fiIJing, document Southern 
polarity of rhe Variscan orogeny of the Western 
Carpathians, responsible for rhe opposite vergen- 
cy in comparison with that in rhe Alpine branch. 
Basins originaced gradually as a conséquence of 
microplate interaction. 

The beginning of collisional events was connec- 


ted with the Breionian movemencs and develop¬ 
ment of the Early Carboniferous flysch remuant 
basin séquences preserved within the Northern 
Gemcric Unit. Lhe prolongation of collision car- 
ried on closing the Early Carboniferous flysch 
b;tsin and causcd hiatus durjng Namurian B-C. 
The Sudctian movemencs gave rise to the 
Bashkirian-Moscovian marine peripheral basin, 
whosc basal scquences fixed the Early 
Carboniferous flysch and hoth rwo pre- 
Curboniferous complexes (fragments of crust 
with oceanic/supraoceanic affinity)- Closing of 
this basin was connected with Asturian events 
and is reflected in hiatus during Stephanian. The 
Norch-Gemeric Early and Lace Permian conti¬ 
nental red-beds sequences originaced under 
transpression/transtension and extension post- 
orogenic régime. 

Due to rhese compression events, the different 
évolution basins were esrablished on formerly 
üverthrusted continental plate, whose fragments 
arc dismembered within the several CWCZ 
Alpine mcgaunics. Continental scdimentation 
under humid climatic conditions was characteris- 
rie for this part of the plate during the Late 
Carboniferous. The.se relies are pre^served within 
rhe Alpine Zemplinic, Hronic and Southern 
Vcporic Llnits. Scquences froin the last of them 
arc very stiong Alpine reworked. Generally, a 
characreristic feature for these devclopments is 
graduai piograding into rhe Permian arid/semi- 
arid red'bcds formations. The sedimentary 
b*asins wcrc cstablished in pull-apart and exten- 
sional tectonic setring (most probably in back-arc 
position). The latest stage of this process affected 
the formation.^ which were incorporaied into the 
Northern Veporic and Tatric Lhiics (Saxonian 
even Thufingian). 

Particular fearures hâve been observed in the 
Permian formations of the Southern Gemcric 
unit Their rainerai extrcmely mature détritus, as 
compared with ocher conteraporal sédiments of 
the Western Carpathians unit allows to correlace 
them with other early-AJpine riftogenic tectofacies 
of the Alpine-Mediterranean domain. They were 
most probably alneady connected with rhe pre- 
vious Baskhitian flysch zone sédimentation 
(TSBZ), characteristic for the South- 
Alpine/Dinaric development. Discovering the 
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Baskhirian flvsch sédiments (thc Turiec 
Formation, Vozàrovâ 1992) wirhin one of thc top- 
most tectonic units of ihe Inner Western 
Carpathians (Turna Nappe) confirms rhis assump- 
tion (Vo/arovd & Vozâr 1992; Vozarova 1996). 
Front chc point of view of comparison of 
Carboniferoiis-Fermiau seciucnccs in ihe AJpine- 
Carpathian arc, che position of synorogcnic 
flysch sédiments in space and cime is an impor¬ 
tant criterion (Ebncr 1991), The Tournaisian- 
Visean (pre-Sudetic) Hysch, which is prcsei'ved in 
the Northern Gemeric Zone (NGZ)^ rcflecis ihe 
stage of convergence. This flysch irough contai- 
ned shreds of oceanic crusr (serpencinices) as well 
as detricus from a collisional fbld-rhrust belt and 
from the rejuvenated basement (source of low- 
grade metasediments and mctavolcanires as well 
as granitoides and gneisses). Its most probable 
paleotectonit position was that of residual basin, 
arising witli oblique collision. This is testificd bv 
graduai transition from flysch environment to 
tcrrestrial-carbonate, shallow-water sédiments of 
Serpukhovian âge. 

Synorogcnic, pre-.Siidecic flysch sédiments are 
represenred in thc Eastern Alps, in che Stolzalpc 
Nappe (Gurktal thrust sysceni) in central 
Carinthia (Neiibauer Ik Herzog 1983). Thcy are 
also coveted by I.ate Carboniferous molasse sédi¬ 
ments (Murau area), which is, however. on the 
contrary to the NGZ, in coutinenval develop¬ 
ment. Early Permian sedirnent.s in both units 
indicate continental environments (Ehaer el al. 
1990a). An équivalent of the Late Visean- 
Serpukhovian shallow-marine horizon with 
magncsitc.s (upper parc of che Ocheina group m 
thc NGZ) is development in the Vehsch Nappe 
of che Grauwackcnzonc (Ncubaucr & Vozârovi 
1990). Equally also lichological characteristics 
and the palcocnvifonment of the Carboniferous 
from Noetsch are comparable with marine 
molasse sedimeitts in thc NGZ. 

In the Southern and Eastern Carpathiims silici- 
clastic and/or siliciclastic-carbonate sequences of 
Early Carbonifernu-s tvere described (Nasraseanu 
1987; Nastascanu 6l Krautner 1990; Krautner 
1990), which, however, arc poorly proved bio- 
stratigraphically (Infrabucoviinan N., Bucovinian 
N., Supraghctic N., Danubian Unit) and from 
sedimentological point of view are of untypical 


flysch development. A feaiure common in both 
compared areas is Variscan metamorphism of 
Early Carboniferous complexes. Well correlable 
sequences arc, however, continental Late Carbo¬ 
niferous and Permian from the Central Western 
Carpathians (CWCZ) and in rhe Chetic Unir in 
Romania desetibed hy Nastaseanu tt ai (1973) 
and Nastaseanu (1978). In the Apuseni 
Mouniains (Biharia and Codtu Nappe System) 
continental Late Carboniferous and Permian 
.scdimeni.s witli andesiie-basaltic rifcogenic volca- 
nism arc known, similarlv a.s in the Hronic Llnic 
in thc CWCZ, 

Relies of Late Devonian-Early Carboniferous 
flysch formations wcrc also dcscribed in the 
région of the Balkanides and in the Kraishtides 
(Yanev & Spasov 1985: Tenchov 1990). They arc 
covered hy Wesephalian and/or even Permian 
continental deposits. 

The pre-Asturian flysch, which is preserved in 
thc Inner We.stcrn Carpatluan.s (IWCZ) in the 
Turnaic Unit. h:is its continuation in thc Szendrô 
and Uppony Mountains in northeastern 
Hungar\'. where. ir was described in details by 
Kovacs 6c Pero (1983) and Kovacs (1987). Fhis 
flysch bas its équivalents in tlie Southern Alps 
and Karawanken (Ebncr et al. 1991). ’Lhc flysch 
complexes arc Variscan low-gradc metamorphos- 
cd (Mazzuli 6C Vozârova 1989; Ebncr et al. 
1990b). The pte-Asturian flysch complexes arc 
irsually covered by shalkjw-water or even deltaic 
sediment.s of Wesephalian to Stephanian âge. An 
exception is the lurnaic Unir (IVCGZ) where the 
manne molasse is missing and thc flysch is cove¬ 
red by Permian, continental sédiments (rifto- 
gcnic stage of che Alpine cyclus). 

In thc Bükk Mountains ihc pre-Ascuri.an flysch 
reaching even the Westphalian is continuously 
replaccd by .shâliow-marine sedintents of Late 
Westphalian-Scephanian age (Kovics & Péro 
1983). ’lTie .sedimeins are noi Variscan-meiamor- 
phosed and only in places âffcctcd hy weak 
Alpine metamorphism (Arkai 1983). Permian 
sédiments are lagoonaLnearshore marine, incer- 
rupred hy a shorr-dated Middle Permian evenc of 
continental sédimentation only. An analogous 
development of the Permian i.s also the Garnie 
Alps and Karawanken (Ebner et al. 1990; 
Ramovs étal. 1990). 
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In the Transdanubian Mid-raontains Unit thc 
Carboniferous is represenced by Visean lime- 
stones (Fôldvvtri 1952) and Westphalian- 
Stephanian conglomérâtes (Mihaly 1980). These 
scquences as vvel) as ;ill pre-Carbonilerous com¬ 
plexes show South Alpinc-Dinaric afrtniiy. The 
Late CarboniferouS'Permian continental sédi¬ 
ments uncontdrmably overlapped medium- and 
high-grade Variscan and pre-Variscan metarnor- 
phic rocks of Tisia Unit in thc southeastern part 
of Hungary (Meesék and Villany Mountains. 
Kassai 1976). Complexes of thc Tisia Unit as 
well as its Carhoniferous-Permian enveloppe 
have no équivalent in the Western Carpathians. 

In the context of stratigraphie âge of the sedi- 
mentologically well estahlished flysch séquences 
and clastic/volcanoclastic piles which takc in 
synorogenic position, the following comparison 
can he donc* 

1, Internai zone of Alpine Variscides bclt witli pre- 
Sudctic flysch envininnient: CWCZ joined with 
NGZ in the Western Carpathians, castern 
Grauwackenzonc and Gurktal ihrust system and 
Carboniferous of Noetsch area in rhe Eastern 
Alps, nappe thrust system of Bucovinian and 
Ghctic Units in thc Eascern and Southern 
Carpathians in Romania, part of Balkanides and 
Kraishtides in Bulgaria. This zone comprises 
mainly medium- and high-grade mecamorphic 
basement with huge masses of prc-Mcsozoic gra- 
nitoids, as a resuit of prcdominantly Variscan 
metamorphism and magmacism. Witli respect to 
these characteristics, this zone corre.sponds to thc 
Mediterrancan crystalline zone (MCZ) defined by 
Ncubauer &c Raumer (1993). The pre-Sudctic 
flysch zone covered by Visean-Serpukliovîan mari¬ 
ne molasse, which is de.signated as rhe NGZ in the 
Western Carpathian.s» lias conrinuacion in rhe 
high Eascern Alps Units (Nocrsch-Veitsch- 
Ochtina zone according to Flügel 1990, Nonh 
Gemeric-Veiesh zone afier Ncubauer Vozarovâ 
1990). k is imerpreeed as an intrasuiural basin 
amalgamating two major Variscan inicroplates 
(Vozirova & Vozar 1988; Ncubauer & Vozarovâ 
1990) or as .Southern extension of the MCZ 
(Ncubauer & Raumer 1993). 

2. External zone of alpine Variscides belt wirh 
pre-Asturian flysch environment: IWCZ with 
Turnaic Unit, Szendro Mountains and Uppony 


Mountains and Bükk Mountains in Hungary, 
Southern Alps and Karawanken. The basement 
of thi-s zone is either unknown or consits of 
dotninantly shallow-vvacer carbonates including 
pciagic iimesiones. An exception is thc Southern 
Gcmeric Lhiit (IWCZ) with the long-timing 
Early Paleozoic Flysch scqueiice. This external 
zone could be correlated with thc Noric-Bosnian 
and Beiic-Serbian zones distinguished by 
jNetibaucr Raumer (1993). 

CONCLUSION 

The distribution of Carboniferous-Permian 
basins in time and space as well as rhe lirholâcial 
character of chcii filling indicace a reverse polari- 
cy (southem) in comparison with thc Alpine oro- 
genv. i he rcsults ol Variscan orogenic ev^nts was 
thc uncvenly Consolidated continentaJ crust 
which, after a short period of .srability (from che 
South co thc iiorrh in the Late Permian/Early 
Triassic to Mîddle/Late Triassic), was incorpora- 
red again in the new orogenic Alpine cycle. 

On the ba.sis of illling relies of Carhoniferous- 
Permian basins in rhe Western Carpathians two 
zones of continental collision differing in time 
were idcntified: 

— thc internai zone^ with termination of collision 
during Bretonian-Sudetian events, resulring in 
syn-collision Early Carboniferous flysch and 
mâtine Lace Carboniferous perisutural basin as 
well as continental, back-arc transpression basins; 

— thc external zone, with termination of collision 
during Asturiaii events (IWCZ). This zone is 
represenred by the Ba.skhirian flysch and the Late 
Westphalian/Siephanian marine perisutural basin 
(relies preserved only on rhe icrritory of northern 
Hungary) and thc post-orogenic continental 
Permian deptKsits (Southern Gcmeric and 
Turnaic unies on che tcrricory ofSlovakia). 
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Krainer K. & Davydov V. 1998. — Faciès and biostratigraphy of the Late 
Carboniferous/Early Permian sedimentary sequence in the Garnie Alps (Austria/ltaly). in 
Crasquin-Soleau S.. Izart A.. Vaslet D. & De Wever P. (eds), Peri-Tethys; stratigraphie cor¬ 
rélations 2. Geodiversitas 20 (4) : 643-662. 

ABSTRACT 

The Late Carboniferous/Early Permian sequence in the Garnie Alps 
(Austria/ltaly) is a more than 2000 m thick succession of shallow marine 
clastic and carbonate sedimentary rocks. The succession unconformably 
overlies the folded Variscan basement and is dividcd into Rombaso 
Formation, Auernig Group, Rattendorf Group and Trogkofe! Group. 
Auernig Group and Rartendorf Group are characfcrizcd by clastic-carbonate 
cycles relatcd to Gondwana glaciocustatic sca levcl changes. Carbonates 
contain abundani fossils throughout the .sequence, biostratigraphy is mainly 
based on fusulinids. Fine-grained clastic intervals contain abundant plant 
fossils, allowing a close corrélation with fluvial succession of the Eastern Alps 
(Stangnock Formation of the Gurkral Nappe). Fusulinids of the Garnie Alps 
show high similarity with those of the Russian Platform, Donets Basin and 
Predonets Trough, Southern UraJs and parricularly with Centra! Asia. 
Uppermost Moscovian, Ka.simovian, Gzhelian, lowermost As.selian, late 
As.selian, Sakmarian and Artin.skian équivalents are establishcd and précisé 
corrélation with srraroiype régions hâve been compleied. Fusulinid, cono- 
dont and plant fossil data well correspond with each other. 
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RESUME 

Facih et biostratigraphie de la sécjuence sédimentaire Carbonifère supérieur/ 
Permien inférieur dans les Alpes carniques (Autriche/Italie). La séquence 
Carbonifère supérieur/Permien inférieur dans les Alpes carniques 
(Autriche/Iralie) est constituée de plus de 2000 m de roches clastiques et car- 
bonatécs marines peu profondes. La succession recouvre en discordance le 
socle varisque plisse ci est subdivisée en la Formation Boinbaso, les Groupes 
Auernig, RaitcndorI et Trogkofcl. l.e.s Groupes Aucrnig et Ratendort sont 
caractérisés par des cycles clastiques et carbonatés produits pur des variations 
glacio-eusiaiiqucs (Gondw^ana). Les carbonates contiennent des fossiles abon¬ 
dants tour au long de la séquence, la biostratigraphie étant principalement 
fondée .sur les fii.sulines. Les intervalles cla.stiqucs lins contiennent de.s fossiles 
de plantes abondants, permertanr tine corrélation étroite avec la succession 
fluviatile des Alpes orientales (Formation Stangnock de la nappe de Gurkial). 
Les fusulines des Alpes carniques montrent de grande similarité avec celles de 
la plate-forme russe, bassins du Donetz et Predonetz, Oural du Sud et parti¬ 
culièrement Asie centrale. Des équivalents de la partie supérieure du 
Moscovicn, Kasimovien. Gzbélicn, de la partie inférieure de FAssélicn, de 
FAsscllen supérieur, du Sakmaricn et de TArtinskien ont pu être établis et 
une corrélation précise avec les région.s strarotypes a été accomplie. Les don¬ 
nées sur les fusulines. conodontes er plantes fossile.s correspondent bien les 
unes aux autres. 


INTRODUCTION 1981; Kahler 1983, 1985, 1986, 1989; Fritz et 

ai 1990; Venturini 1990; Krainer 1992, 1993 
In the Garnie Alps (soiithcrn Auscria/norchern and Forke 1995 for (urther information.s and 
Italy) rhe folded Variscan basement is unconfor- référencés). The présent paper gives a summary 
mably overlain by a thick .succession of shallow ofthe Late Carboniferous/Early Permian sequen- 
marine clastic and carbonate rocks of the Late ce wiih spécial einphasLs on ilte biostrarigraphy 
Carboniferous Bombaso Formation and Auernig and corrélation with other régions. 

Group and the Early Permian Raciendorf and 
Trogkofel Group (Fig. l). These rocks were 
deposited \n discrète basins tbrmed by block and FACIES 
wrench faulring subséquent to the Variscan oro- 

genic phase with ics climax during the BombasO FORMATION 

Westphalian. Classic ouicrops occur in the cen- l’he Bombaso Formation consisrs of poorly sorr- 
tral Garnie Alp-S along ihe Austrian/lralian border ed immature breccias and conglomérâtes which 
(Fig. 2). Sedimeniary rocks of ail formations, are cither predominanrly composed of radiola- 
particularly the carbonates, contain abundant rian chéri and volcanic dasts (Pramollo Member) 
fossils providing ihe basis for biostratigraphie or of Silurian to L>cvonian carbonate clasts 
subdivision and corrélation. Biostrarigraphy of (Malinfier Horizon). Thickness ranges from a 
the Late Paleozoic sequence in the Garnie Alps is few merers up to about 200 meters. The clasts 
mainly based on ftisulinids, although plant fossils are derived from the Variscan basement of the 
and conodonfs are of importance too. During uplifred Palcocarnic Chain. The succession of 
the last décades major progress has been achieved the Bombaso Formation gcnerally shows a fining 
concerning sedimentology, paleontology and bio- upward trend. Bioclasts of brachiopods, crinoids 
stratigraphy of this sequence (see Flügel 1980 a-b, and fusulinids are rarely présent indicating 


MOTS CLÉS 
Péri-Tcchys. 
Carbonifère supérieiir, 
Permien intérieur, 
Alpes carniques, 
faciès, 
biostratigraphie, 
fiisii fines, 
conodontes, 
plantes fossiles. 
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Fig. 1. — Map showing the distribution of Late Carboniferous and Early Permian sedimentary rocks in the Garnie Alps (Austria/ltaly). 
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Fig. 2, — Siratigraphy of the Late Carboniferous and Early 
Permian strata h lhe Garnie Alps. 

déposition in a marine environment. These brec- 
cias and conglomérâtes are imerpreted as mass 
gravity flow deposits primarily deposlted on fan 
deltas, pardy subaerially, parrly submarine. 

AuERNfG Group 

The Bombaso Formation is overlain by the 
Auernig Group, which is up to 1.200 m thick 
and composed of Mclcdis-, PizzLil-, Corona-, 
Auernig- and Carnizza Fotmations according to 
Selli (1963) (F'ig. 2). The succession consista of 
cyclic clastic and carbonate rocks of a shallow 
marine environment. Meledis-, Corona- and 
Carnizza Fotmarion.s predominanviy consist of 
clastic sédiments, Pizzul- and Auernig 
Formation.s contain substantial quaiteiries of tbs- 
siliferous carbonate rocks. The main lichofacies 
types are a quartz-nch conglomeraïc of a near- 
shore environment, frequencly overlain by shale 
containing abundant and well-preserved mega- 
plant fossils, trough-crossbedded and hummocky 


crossbedded sandstone (shorefacc), biocurbated 
and locally fosslliferous siltscones and shalcs (off¬ 
shore) and fo.ssiliferou.s lime5tone.s containing 
calcareous algae {Anthracoporella spectah'Uis, 
Archacolhhophylhim fviswurkme» Epimastçpftm^ 
Eugofiophyllum), fusulinids, smali for.aminifers, 
echinoderms, brj'oïoans, Tubiphytesy spbincro- 
zoans, solicary corah and others. Massive limC' 
.stones represent algal mounds (u^nthracoporelk 
mciundsi Kfaincr 1995)^ in rhe Meledi.s 
Formation .small mounds formed of auloporid 
corals arc présent (Flügel & Krainer 1992). tn 
the upper part of the Auernig Group (Corona-, 
Auernig- and Carnizza Formations) these lithofe- 
cies types form prominent clastic-carbonate 
regressive-rransgressive cycles (“Auernig cyclo- 
themeii") wiih thicknesses of 10-40 m (Fig. 3). 
Wirhin these cycle.s conglomérâtes formed 
during relative sea-levcl lovvstands and fossilite- 
mus limcstonc vvas deposieed during pexiods of 
relative sea-level Iiighstands. The formation of 
these cycles is related to custatic sea-level changes 
caused hy Gondwanan glaciation (Massari & 
Vetuurini 1990; Krainer 1992, 1995). 

RATTENDtlRP GrOUP 

Fhe Ratrendorf Group comprises a succession ot 
shallow marine sédiments ot nearshore, inner 
shelf and outer shelf environntents. Fhe succes¬ 
sion is divided inro Lower Pseudoschwagerina 
Limesioue (LPL), Grcnzland Formation and 
Upper Pseudoschwagerina Limestone (UI^L) 
(Fig. 2). 

The LPI. is composed of ihrce dcposirional 
cycles consisting of shallow marine limcstones 
and thin intervals of clastic sédiments (Fig. 4). 
Clastic intervals form rhe ha.se o( the depositio- 
nal succession and were deposited during relative 
sea-level low.stands. During transgression well 
bedded fos.'îilîfcrous limcstones and massive algal 
mounds accumulated. Bedded cheru\' linie.srones 
with mari intercalations are imerpreted to hâve 
been deposited during relative sea-level high- 
swnds with water depths ot some ten.s ot meters. 
Fusulinid-rich limestone beds are présent in dii- 
ferent strangraphic levels, particiilarly at the base 
and on top of rhe cUsek intervals. Fusulinids ot 
these beds are considered as parautochthonous 
assemblages, accumulated during periods of low 
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Fig. 3. — Idealised “Auernig-Cyclothem” from the upper part of the Auernig Group in the Garnitzenberg-Kronalpe area, Garnie Alps. 


sédiment inpur (see Homann 1969; Flügel 1974, 
1977; Buggisch et al. 1976; Forke étal, in press). 
The Grenziand Formation is a cyclic succession, 
predominanrly composed of shallow marine clas- 
tic sédiments (quarcz-rich conglomcrarcv sand- 
stone and siltstone) and inteicalaced ihin 
fossiliferous carbonate intervals (Buttersack &c 


Boeckclmann 1984; Boeckelmann 1985). A 
caliche unit and a red shale unit wirh scattered 
angular quartz grains in the upper part of rhe 
succession indicate subaerial exposurc. Fusulinids 
were described from the rhin carbonate intercala- 
lions (Kahler dc Kahler 1937; Kahler 1985; 
Forke 1995). Plant fossils hâve been described 
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from a thin shale intercalation by Fritz & 
Boersnia (1984). 

The Uppei Pseiidoschwagerina Limestone is 
represelited by a cycHc succession composée! pre- 
dominancly pt dark-grey, thin bedded lossilifcrous 
limestoncs and iiuercalatcd thin intervais of'silt- 
and sandstoncs and flne-grained, well-rounded 
and well-surted quartz ricfi conglomérâtes. 
Limestones contatn abundani tossils» parcicularly 
calcareous al^e (FlomanO 1972), small loramini' 
fers (Flügel 1971), iusulinids, corals, bryozoan.s, 
brachiopods. gastropods. pelccypods and echino- 
derm fragments. Microlacies has bcen described 
by Flügel (1968) and Buctersack &: Boeckelrnann 
(1984). Cycles indicate repeated shifiing from 
nearshore to offshore cnvjronments in an open 
marine shelf-lagoon with normal water circula¬ 
tion (Flügel 1981). Compared to the LPL and 
Grenzland Formation che limestonçs are characte- 
rized by more divetse biota and microfacies types 
(Flügel 1971, 1981; Flügel étal. 1971). 

Trogkofel GroüI’ 

The Trogkofel Group is composed ol approxima- 
tely 400 m thick, predominantly massive, subor- 
dinately bedded limestones (Trogkofel limestone, 
Tressdorf limestone and Goggau limestone). The 
limestones were deposired in shallow, restricted 
and open marine shclf-lagoons with only 
minor bathymcirical différences. Tubiphytesf 
Archaeolithopmrlla build-ups composed o! sedi- 
ment-binding organisms llkc encrusting forami- 
nifers, phylinid algae, TuhiphytcSt Archaeo- 
lithoporella and bryozoans formed at the shelf 
edge (Flügel 1980a, b, 1981) Flügel & Flügel- 
Kahlet (1980) devscribed 46 species of calcareous 
algae, the fusulinid faupa is represented by 
70 species (Kahler & Kahler 1980). 


BIOSTRATIGRAPHY 

FUSULINiDS 

The flrst comprehensive paper on fusulinids 
from Late Paleozoic limestones ol chc Garnie 
Alps was presented by Schellwien (1898). From 
1932-1996 F. Kahler (till 1982 with his wife 
G. Kahler) intensively studied the fusulinid fau- 



Rq. 4. — Stratigraphie column oî the Lower Pseudoschwagerina 
Limestone (Rattendorf Group) from the north-western side of the 
Schulterkofei (type section). 


nas of the Bombaso Formation, Auernig, 
Rattendorf and Trogkofel Groups. The biostrati- 
graphie classification and subdivision of the Late 
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Paleozoic sequence of the Garnie Alps is mainly 
based on rhe detailed investigation of fusulinids 
by R Kahlcr G. Ki^hlcr. Their data are publi- 
shed in numerous papers, summaries are given in 
Kahler (iy83i. 1985, 1986, 1989) Addirional 
data concerning fusuünid stratigrapliy hâve been 
contributed by Pasinî (1965, 1990) and reccntly 
by Forke (1995), korke et al. (in press) and 
Davydov (Davydov &C Krainer, in press). We use 
the sign * in cases of différence from original 
authors taxonomy 

Bomhaso Formation and Meledis Formation 
The oldest fusulinid fauna of rhe Garnie Alps is 
described from carbonate rocks on rop of the 
Bombaso Formation wesr of Zolinersee, consis- 
ringof Ozawahiella angalata, O. kumpani-Aw^ O. 
cl. rnosquenm, Fusulinclla colaniae msdorica, F. 
fluxa, Beedcina'^ nytvica callosiU Fundinn (s.str,) 
fort issi ma, Qu nsi fui uli n aides * m jn cbko vensh, 
QuasifusuUnoides'* cjuasifisulinoidcf and Quasi- 
fiisulinoides juvenatm (Kahler 1983). According 
to Kahler (1983), this fusulinid fauna corre.s- 
ponds to the FitsuUnella hocki zone of the Late 
Myachkovian ol the Rus.sian classification. 
Carbonate from the loweimost Meledis 
Formation ol the Auernig Group yicldcd a 
Fusulinellu, Fmulina and QuasifiJAilinaides launa 
ncar Waidegger Alm indicacing lowcrmost 
Kasimovian C^A, (Kahler 1986) and a 
Protriticites-LwiWis containing P. pmtdomontiparus 
SW of Zollnersee pointing to lowermosr 
Kasimovian A, (Kahlcr 1983). 

Recent investigation yielded a small tusulinid 
assemblage trom conglomérâtes of rhe Bombaso 
Formation ncar Straniger Alpe, composed ol 
Quasifnsulinoidvs quasifusulinuides, Q. fal/ax, 
Q. intermedùi, Protritii ites aoatus, P tf. uvoides. 
The composition of this assemblage is mosi simi- 
lar lo that from the Protriticites ovatus - 
Praeobsoletes Imrktnunsis zone in the stratotype 
section in the Moscow Basin and occurs only in 
the Peske^vskaya Formation of rhe Myachkovian 
Horizon of the Moscovian (Davydov 1997; 
Davydov & Krainer, in press). A sirnilar assem¬ 
blage was found near the top o( rhe Bombaso 
Formation west of Zolinersce and includes 
FusieUa bncetifonnis, Beedyirta consohrina, B. pes- 
kensis, B. pseudocylindrica, Fusulinella rara. 


Quasifusiilinoides pakhrensis, Q, pulchella, 
Protriticites ovatus. 

Carbonates from the basal Meledis Forinarion 
near Zolinersee and at Cima Val di Puarris 
contait! lasulinids of the Protriticites pseiidonion- 
îiparus zone in it.s lowcrmost part, and ol the 
Montiparus paramontipanis zone in the middie 
portion ol this formation. The Prolriticites p.seu- 
domontiparm zone is charactet ized by Protriticites 
globuliis, Pr. pseudotnontiparusy Pr. spbaericus, 
Pr. rotîindatîu, Pr. ovoides, Pr. lamellosus and 
Praeobsoletes burkemensis. 'Fhese species are cha- 
racteristic only in the Protriticites psendornontipa- 
rus - Obsolètes ohsoletus zone of the Russian 
Platform (Kreviaklan Horizon) and îiman- 
Pechora région, in the Urals, Donets Basin, 
Central Asia, Spiesbergen and in the Cantabrian 
Mountains (sce Davydov & Krainer, in press). 
The Montiparus parti montiparus subzone is cha- 
racterized by the occurrence of Praeobsoletes pdu- 
per, P, burkemensis. Obsolètes îimanicus, 
O. obsoletiii, Montiparus parainontiparus, 
M. unibonoplicûiHs, M. montiparus^ A/, likharevi. 
Ad. rhonibiformis and M. prisciis, Adontiparus spe¬ 
cies found in the Garnie Alps are well-known 
from middlc Kasimovian strata ol the Russian 
Plarform (Khamovnicheskian), Timan-Pechora 
Basin, ihc Urals (upper pan ol the Orlovskyi 
Horizon), Ccnnal Asia, Spitsbergcn and the 
Cantabrian Mountains. In Central Asia and rhe 
Southern Urals the Montiparus montiparus zone 
is divided into two subzones: the M. pnramonti- 
parus subzone in the lower part and the M. suh- 
crdssulus subzone in the upper part. The 
assemblage recognized in the C^arnic Alps corres¬ 
ponds to vhe M. paramontipanis subzone (see dis¬ 
cussion by Dav)xlov 1k Krainer). 

It should be indicated that the représentatives of 
chc Praeobsolctes-Obsoletes lineage in the Garnie 
Alp.s appeâr later. In the Rus.sian Platform, the 
Urals, Donccs Basin and Central Asia l^aeob- 
solctes First appears in the uppermosc Myâch- 
küvian and rangCvS inro the lowcrmost Kasi¬ 
movian- Obsolètes firsr appears ar the base of rhe 
Kasimovian and is most characteristic for the 
Early Ka.simovian (Kreviakian). Only rarely 
Obsolètes ranges into the middie Kasimovian 
(Kahmovnicheskian). In the Garnie Alps, simi- 
larly with the Cantabrian Mountains and 
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Spitsbergen (Villa et al. 1992; Nilsson ôc 
Davydov 1993). the représentatives of che 
Praeobsoletes-Obsoletes lineage are rare. 
Praeobsoletes fîrsr appears only in the lowermost 
Kasimovian (Kreviakian) and Obsolètes First 
appears in the upperniost Kreviaidan or only in 
the Khamovnicheskian. 

In the very cop ol the Mcledis Formation in the 
RC section (RC-12b and RC-13) the following 
fusulinids vvcrc identified: Fer^anites ferganensis 
Miklukha-Maclay, Rauserites sp., and Raaserites 
(ScheUwien) (Fig. 5A'E). The lasrspecies 
in the Russian Piatform and the Urals characteri- 
se lowermost Gzhelian or Rechitskyi Florizon of 
the Russian Plariorm (Rosov-skaya 1958; 
Makhlina ti al. 1984; Davydov &! Popov 1986). 
Fergmhes fvrgamnsis in Central Asia as wcll as in 
S. Urals characterises aiso early Gzhdian> an 
équivalent of Amerevskyi Horizon ol the Russian 
Piatform (Fig. 6) (Davydov de Popov 1986; 
Popov et al. 1989). \Ve suggest thac che very 
upper portion of che Melcdis Formation is early 
Gzhelian in âge (Fig. 6). 

Pizzul Formation, Corona Forrnatwny Auernig 
Formation and Carrnzza Formation 
According to Kahler (1 985) the Pizzul 
Formation (Untere kalkreiche Schichtgruppc) h 
characieri’zed by the occurrence ol the following 
fusulinid species: Tritidiei oryziformis, Rauserites'^ 
noinskyi plicatus: F>nixina nlpina vetusta, 
D. (s.str D, naviculaeforrnisy D. sakrna- 

rensis and Quadfiisulina eleganta. Récent studics 
of non-orienied thin-sections from the Pizzul 
Formation show dominance of a Schagonella and 
Daixina fauna. Because in Central Asia and Sou¬ 
thern Urals représentatives of the Daixina sokeri- 
sis group appear earlier thaii in ihc Russian 
Piatform. and because of the stratigraphie posi¬ 
tion ot the Pizzul Formation above the early 
Gzhelian and below che Orenburgian, we bclievc 
chat the Pizzul Formation bas to be an équivalent 
of the late Gzhelian (.v.rtr.). 

From a chin carbonate bed of che Corona 
Formation at Garnitzenbetg (Miitlere kalkarmc 
Schicbtgruppe) Kahler (1983) reported 
'PseudüfitsuUna multiseptata'\ Daixina alpina, D. 
ex gr. udrnirabilis and Schagonella spp. aIso werc 
recently identified by Davydov. The species 


Pseudafusulina multisepta originated from the 
Garnie Alps (SchelKvicn 1898)^ but for more 
then .sixty year.s was used in the licetarure as a 
Late Permian Parafusulina species, reported from 
many Tethyan régions. Uncil révision and solving 
of this taxonomical problcms wc use inverted 
commas tor thi.s species. 

In Darvas and in S. Urals Schagonella in general 
dominared in the middle Gzhelian. Daixina 
admirabilis originally was described from the 
Orenbufgian of che Urals (Zolocova et al 1978), 
but aLso wa.s reported from the lace Gzhelian 
(s.str,) of Darvas (Davydov 1986). Fusulinid data 
from Pizzul and Corona Formations do not 
constrain a spécifie âge. Rased on the .stratigra¬ 
phie position ot Piz/u! and Corona Formations 
ahove an équivalent of the early Gzhelian (Upper 
Melcdis) and below the Orenburgian Auernig 
Formation, the age of borh formations can be 
esrimated as late Gzhelian (s.str.) (Amerevskyi 
and Pavlovoposadskyi Horizons ot Russian 
Plarforni). 

The Auernig Formation (Obère kalkreiche 
Schichtgruppe) of Garniczenberg and Kronalpe 
conrains Baidtonia europaea\ Triticites schwageri- 
niformisy T. persiabilis\ DatximF alpimty 0.“^ corn- 
muni.u D,'^ nlpina fragilis, D."" devexa acaIlosa\ 
*l^eudofiisulina multisepatta^\ ^P. paraçonçiHna'y 
Dutheifitchia dastaremis, D.''kdTgalensu\ D.'ruz- 
ht'ncevF\ QuasifusîtlinU tenuissirmu Q. compacta y 
Q. knraivankensis, Q. haspiensisy Q. phnselusy 
Q. pseudoclottgatay Q. pseudolonga (Kahler 1983, 
1985). 

The Carnizza Formation (Obéré kalkarme 
Schichtgruppc) of Garniczenberg concains 
Daixina alpinu antit^ua - alpiua and the subspe- 
cies fragslis, and Dutkevitchia dastarensis. 
According to Kahler (1986, 1989) Pizzul 
Formation, Corona Formarion, Auernig 
Formation and Carnïz/a Formation are of 
Gzhelian age (Gzhelian E). 

Recent srudies in the Southern Urals, Donets 
Basin and in Central Asia (Darvas and Southern 
Fcrgana) showed rhar Boultonia enropaea and 
Dutkevitchia dastarensis firsr appear at rhe basal 
Orenburgian Daixina soke ns is (Davydov 

1984, 1992; Popov étal- 1989; Davydov et al. 
1993). Dutkevitchia ruzhenzevi aaid Dutkevitchia 
kargalensis everywhere first appear only in the 
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Fig. 5. — StratigraphicaKy significant fusulinids from the Meledis Formation (basal Auernig Group) and Lower Pseudoschwagerina 
Limestone (Raltendorf Group). A.Rauserites rosaicus (Scheliwien, 1908). langentlal section. RC'13-4- B. Rauserites sp.. oblique 
section, RC-13-4. C-£, Ferganites aff rerganens/s (Miklukho-Maclay. 1948): C.. axial section, RC-12b*9; D. langential section. RC- 
I2b-12: E. paraxial section, RC-12b-2. F, G, ScheHwienia bomemani (Leven ef Scherbovloh, 1978); F. axial section ot typîcal spéci¬ 
men. SK-157-4; G, axial section Of short specimen. SK-157-2. H. Zigaretla panjiansis (Leven et Scherbovich. 1978). axial section of 
typical specimen, SK-157-5.1, iikharevit^ inglorius (Bensh, 1962), axial section, SK-157-1. J-L, Schaliwienia bomemani (Leven et 
Scherbovich, 1978): J. axial section of specimen with small axial fillings, SK-157-12; K, axial section of typical specimen, SK-157-13; 
L axial section of short specimen, SK-157-9. Scale bar: 0,5 cm. 
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early Asselian, and wc believe chai chcir occur¬ 
rence in thc Orcnburgian Auemig Formation is 
misidencified. Therefore we place inverted com- 
mas with both of these species. The âge of 
Auernig and Carnizza Formations for now can be 
estimaccd as Orenburgiali (équivalent of 
Nogonskian of Russian Platform) (Fig. 6). 

Lower Psendosctnuagerina Limestone (Schulterkofel 
Formation) 

From chc uppermost part of the Lower 
Pseudoscbwagcrina Limestone near Rudnigalm 
Kahler (1985) described ihe lollowitig tusülinid 
species: Boultonia etiropaea\ Rugosofnmlbui aria- 
nica^ R. directa, R. latioraliu R. cf. pandae, 
R. praevia egregùu R, stabilh, R. stabilts longa\ 
Parascbwagerina cf. tinvenkiangi elongata. 
Occidentoschwagerina alplua and “Eozellta miha- 
ranoensis" UltradaLxhia ex gr. poslgallowiiyi). 
From Schulterkofel ICahlcr (1983) listed 
Boultonia eun/paea.. Ruzhenz^tdtes* parnsolidus\ 
Rugosoftistdina cf. pandar. R, serratu^ R. likana, 
R. praevia znd RugosochusenelLP psatdogregaria. 

In a recenc paper Kahler àC Krainer (1993) des- 
cribed a fusulinid fauna composée! of about 
30 species from the upper part of ihç LPL ol ilie 
Schulterkofel section. Species of Triücites and 
Rugosofiistdina dominatc. wKcrcas chose of /are 
''Daixind’ {^-Schellwienia)^ Rugosochusenella and 
Ruzhenzevites occur. The Carbonilcrous/Permiau 
boLindary was drav^m at the firsr appearancc of 
'Pseiidoschwagerina^ and "Occidentoschwagerina 
alpina^' Ultradaixina) in the upper part of thc 
section. From our point of view, spécimens 
named as Pseudoschwagerina could not bc identi' 
fied even with genus name, bccausc in the tan- 
gential sections reported, thc juvenarium 
structure, which i.s most important for taxono- 
my, is not présent. 

According ro Forke et al. (in press) the lower part 
(depositionaJ Sequence 1) of lhe LPL in the 
Schulterkofel section, characicrized by thc occur¬ 
rence of Rttzhenzevites ferganensls and 
Ruzhenzevites parasolidus without species of the 
genus Ultradnixintty is corielated with the 
Sokensh zone. The overlying part (uppermost 
part of deposiriütial Sequence I up ïo the top of 
depositional Sequence 3) corresponds to the 
Bosbytauensis-Robusta zone. The C/P-boundary 


of Forke et al. lies near the base of thc overlying 
Grenzland Formation. 

Lhe following species were identifîed in recent 
scudies of LPL in the Schulterkofel section: in 
the very lower portion of LPL (TST of 
Sequence 1) We found Daixina sokensis, 
Si'hellwienia obîonga and Dutheintchia bmorpha. 
In the HS'l’ of Sequence l Ultradaixina postso- 
kensis and Sçhellwienin ulukensis and within 
Sequence 2, Sçheltwienia ulukensis and ZigareUa 
elegans wcrc idcncified. Most interesting data 
were retrieved from the top of Sequence 3, where 
Schwdgerina versabilc, Schellwienia bornernani, 
ZigareUa panjtensh and I.ikhnrevites ingloritis were 
iilentified (Fig. 5 F-L). 

To estimate thc age of thc LPL Formation we can 
indicate the following: in Southern Fcrgana and 
Darvas Ruzhenzcvires ferganensts firsr appears in 
che middie portion of an équivalent ol the 
Daixina sokensis zone (Davydov 1984; Popov et 
al. 1989). RHzhenzeviîes parasolidus is a more 
advanced specie.s and in Darvas ic first appears in 
the very top of thc Daixina sokensis zone and 
range.s higher. In Southern and Northern 
Fergana this species occurs in the Sclnvagerina 
robusui-Ultradaixina bosbytauensL zone and 
ranges higher into the A.sselian. Schellwienia idu- 
kensis in Central A.sia a.s wcll as in the Southern 
Lhals section occurs only in the Sclnvagerina 
rohusta-UlTradaixina bashyrauensis zone. 
Srhwagerina versahile in Darva.s and in chc 
Southern Lirais appears in the very top of the 
Schwagerina robusta-Ultrndciixina bosbytauensis 
zone, but is cliaracteriscic of the early Asselian. 
Schellwienia bornemani, ZigareUa panjiensfs and 
Likharevites ingtorius in Central A.s ta and rhe 
Southern Urals are known only from thc Asselian 
(Bensh 1962 ; Leven &. Scherbovich 1978; 
Davydov' 1984; Popov et ai 1989) (see corréla¬ 
tion chart,. Fig. 6). 

Based on ail this dara we can suggest ihe follo¬ 
wing. The TST (transgressive systcm.s tract; 
Fig. 4) of Sequence 1 of LPL can be correlated 
with thc uppermost part of rhe Daixina sokensis 
zone. The FfST (highstand Systems tract) of 
Sequence I can be correlated with the lower por¬ 
tion of the Schwagerina robusta-Ultradaixina bas- 
bytauensis zone or with the Ultradaixina 
postsokensis zone of rhe Southern Urals and 
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Darvas. Most part of Sequence 2 (except die 
HST) cortventionally caii be correlarcd with ihc 
middle portion of tlic Scbwagerina tobusta- 
Ultradaixina boshytauensis zone or with the 
Ultmdaixïna hosbytauvmh zone of the Southern 
lirais and Darvas. The HST of Scquence 2 and 
LSd' (lowstand .Systems tract) and TST of 
Sequence 3 should be corrclatcd with the upper 
ponion oi" ilie Schwagerina rolrmia-Ulhadaixina 
boshytanensh zone or with ihc Ultradaixina post- 
galloivayi zone of the Southern Urals and Darvas. 
The HS r of Sequence 3 very prohably is Early 
Asselian in âge. 'l’he last conclusion is bascd on 
the following: in Darvas, ihc Southern lirais and 
in the Doncts Basin ihc acmc-zone (maximum ot 
occurrences) for Ultradaixina is in the upper por¬ 
tion (but not uppermost) of the Schwagrrina 
robusta-Uliradaixina hosbytanensis zone. In the 
very upper portion of thi.s zone Ultradaixina is 
rare and perhaps exrincr, and absoliuely absent in 
the Asselian. Similarly in the Schulterkofel sec¬ 
tion the acme-zone for the Ultradaixina is rhe 
HST of Sequence 2 and the LST of Sequence 3. 
In the TST of Sequence 3 Ultradaixina is extre- 
mely rare and absolutely no Ultradaixina is pré¬ 
sent in the MST of Sequence 3. Srhellwtenia 
bornemani and Zigarella panjiensis originally were 
described from the middle Asselian of Darvas. In 
the Southern Urals they occur in the early- 
middle Asselian. Likharevhes inglnrins in Darvas, 
Northern fergana, rhe Southern Urals and 
Predonets Iiough was found in rhe early-middie 
Asselian (Bensh ]962t Leven àc Scherbovith 
1978; Davydov 1990; Davydov et ai 1993). So, 
occurrences of Schellivienia bornemani Zigarella 
panjiemis and LikharevUes inglorius suggest 
Asselian age for the HST of Sequence 3 of the 
Lower Pscudoschwagcrina Limestonc. 

Grenzland Formation 

From limestones of the Grenzland Formation at 
Rudnigsatiel Kahler (1985) reported the occur¬ 
rence of Qiiasifitsiilina cf. co}npacta^ Q. eleganta, 
Q. kaspiensisy '^Darvaütes contractus'^y Zigarella 
pseudopointelh Spbaeroschwagerina carnioUca, 
Pseudoschwagerina extensa and Sphaeroscbwage- 
rina sphaerica, 

From the type section ncar Rattendorfer Alin, 
Kahler & Kahler (1937) described PseudoschwU' 


germa aequalis, Ps. extensa and Sphaeroschwa- 
gerina* confiniu from chc eastern side of 
Schulterkofel, Pseiidoscbwagerina turbida and 
Spbaeroschwagerina * carniolica. 

Ba.sed on the occurrence of Pseudoschimgerina 
aeqnalis. Spbaeroschwagerina* confinii and 
Spbaeroschwagerma*' carniolica Kahler (1986) 
dated the Grenzland Formation as middle 
Asselian. 

Forke (1993) described Sphaeroschwagerma glo- 
nierosa from the Grenzland Formation ncar 
Rtidnigsattel. 

Most of the species of Grenzland Formation, 
cxcept Quasifusulina species, are known from the 
roi ddle as well as from rhe lare Asselian. 
Sphaei-oschwagerina glomerosa indicates only late 
Asselian age. Base on this we can suggest middle- 
late Asselian age for the Grenzland Formation 
(see Fig. 6). 

Upper Pseudoschwagerina limestonc 
From ihe type section of the Upper 
Pseudoschwagerina Limestonc at Zottachkopf 
Kahler described the following fusulinid species: 
Boulionia willsiy Pscudofusiilina regularisy 
McCknidia* haydeni, Danmsites contractusy 
Scbwagerina " krtowi\ Pseudoschwagerina pulchray 
Biwaella inopinata and Rugosochusenella paragre- 
garia. 

Red limcstoncs ar Troghôhc and at point 2016 
(according co Kahler belonging co the Trogkofel 
Limesvunc. after Forke to the Upper 
P.scudo.5chwagcrina Limestonc) contaiii a lich 
fusulinid launa. Kahler (1983. 1985) reported 
the following species; Boultonia willsiy 
Quasifusulina nimiiiy Q. pseiidoelongata, Q. 
tenuissirna, Q. cf. kaspiensisy ChitsentlUt chent\ 
''Ch. chihsidmsis'\ "Ch. rahatei'\ Schwagerina* 
moellcriy Sthw.* paravonfusay EopUrafusulina'* 
" tschernyschewry Robustosehivagerina geyeriy 
R. schellwienù Paraschwagerina inflata longUy 
Spbaeroschwagerina * carniolkay S. * lauh S. * puP 
rhmy ZelHa heritschk Z< galatea. 

According to Forke (1995) the red limestones 
contain the following stratigraphically important 
species: ZelUa beritschi, Rohustoschwagerina 
schellwieniy R. geyeri Paraschwagerina inflatUy 
Scbwagerina moelleri Scbwagerina cf. verneuili 
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Fig. 6. — Corrélation chart for the Late Carboniferous and Early Permian. 
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and Pseudofusiilinoides pusillus. Forke (1995) 
dates the Upper Pseudoschwagerina Limesrone as 
Sakmarian [Robusioschwagerina geyeri zone and 
Zellia heritschï zone). 

Trogkofel Group 

After Kahler Kahler (1980) the fusulinid 
fauna of the Trogkolcl Group consists mainly of 
species of the gênera Triticites, Darvaskes, Pseudo- 
fusulmoides, Pseudofusidinit, “ Praepctntfiisulma , 
Pamirinu and MinojapUnella. They descrihed 
about seventy spedes. Stratigrapliically impor¬ 
tant index lossiJs arc Sctnmgerinn^' moelleru cha- 
racteristic for the lower part (Trogkofel 
limestone), "Pimtfimdina luttighir typical for the 
Tressdorl limestont*, and the ChaUtroschiva- 
germa'* ^«/^rftn-group togetliet with Pam'trina 
darvaska in the Goggau limesione. True parafu- 
suÜnids and Misellina species âre lâcking. 

Kahler (1986) dated the l'rogkofel limestone as 
Sakmarian ('fastubian-Stcilitamakian) due to the 
occurrence of Robusioscbufagerina scheUwieni and 
Pseudoschwagerina latw 'J’he- Ircssdttif limestone, 
containmg 'Praeparafusulifui lutugini^' h classi- 
fied as Early Arcinskian (Burchev), and the 
Goggaü limestone* which coniains Chalaro- 
schwagerina* vliIgaris -^nd Pamiriuai is dared as 
Late Artinskian (Irgin). According to Forke 
(1995) ihe Trogkofel limestone is Late 
Sakmarian to Early Artinskian in agc. 

It should bc noted, that Sakmarian and 
Artinskian iusulinids of the Urals can not occur 
in the lethyan section, as the Garnie Alps, 
because heginning in the early Sakmarian the 
Boréal province was completely isolated froni the 
Tethyan provinces. None Artir|skian fusulinid 
species ol rhe Urals are known Irom Tethys sédi¬ 
ments, but those listed, wc bclievc, are identified 
erroneoLisly. For this rcason “Praeparafustdina 
luttigini'’ inverted commas and indicates 
taxonomical misidentification. 

We cannot estimarc the âge of the Trogkofel 
limestone bused only on fusulinids for now. It 
could be Sakmarian as well as early Artinskian. 
Because the Goggau Limesione contai ns 
Chalaroschwagetina indgans and Pamirina darva- 
sica, which in Darvas characcerises the late 
Yakhtashian (Early Artinskian) (Leven et al. 
1992), we can conventionally estimate the âge of 


the Tressdorl limestone as early Artinskian 

(Fig. 6). 

The following problems for fusulinid biostrati- 
graphy should be addressed irnmediarely: 

— précisé lusulinid biostratigraphy of Pizzul, 
Corona, Auernig and Carnizza Formations; 

— complété characrerisric of C/P boundary beds 
and bercer criteria for rhe C/P boundary posi¬ 
tion; 

— âge of Gren/land Formation; 

— lasLilinid biostratigraphy and succession of the 
Irogkofel Limestone; 

— restudy ol the Tressdorl and Goggau Lime- 
stoncs. 

CONODONIb 

The occurrence of conodonts in Late Paleozoic 
carbonates of the Garnie Alps was first noted by 
Flügel et ai (1971) from the Rattendorf Group 
and Boeckelmann (1983) from the Auernig 
Group (discoveries of indivldual conodonr frag¬ 
ments, wfiich hâve no stratigraphie importance). 
Porke (1995) described a conodont fauna from 
red limestones ol the Lîpper Pseudoschwagerina 
Limestone. The conodont jauiia is coniposed of 
the following species; Atîhota.xis advena^ 
Hindeodus ndnulus, Mesogondolella cf. bissellu 
Diplognathodtis expuinsHs^. Swcetogiiatbus inorna- 
tm and Sweetagnaihus\d\. lohitei. 

In centra! and \ve;.tern L’SA S. tnormtus and 
S. aff whitei appear in the Late Wolfeampian. 
S'. Inornatus beJongs to the Sweetognathus whkei- 
Mesogondolella bissellf zone. In the Urals, 
Sweefognathus uiornntHs appears in the 
■Sterlitamakian (Late Sakmarian) and ranges inco 
the A/finskian, !>weetognathHs lohitcixs known 
only in Akt.tstian (Early Artinsldan) (Chernyldi & 
Reshetkova 1987; Chernykh Chuvashov 
1993). Sweetognathus whitei In the Trogkofel 
Group is represented by incomplète atypical spé¬ 
cimens (identified with “affiniry’ signj. 1 hc 
appearance of Sweetognathus inornatus and S. alT. 
whitei cogether with Rohusîasrhwagerinü and 
Zellia, but without typical Artinskian hisulînid 
iaunas (Pamirina^ Chalaroschwagerina) in the 
Garnie Alps, indicates at this time Salcmarian agc. 
According to Forke (1995) the Upper Pseudo¬ 
schwagerina Limestone is of Sakmarian âge 
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(basecl on the occurrence of Rohustoschîvagerina 
geyeri awA Zellia heritschi). Forke (1995) in his 
paper presenrs corrélation charts of the 
Rattendorf and Tiogkofel Group wirli sections 
from the Urals, Darvas, N-China, S-China, 
Japan and USA. 

FOSSIL FLORA 

Plant fossils were reported from the Bombaso 
Formation and Auernig Group more than 
100 years ago. Hofer scenis ro be the First who 
collectcd plant fossils in 1869 in the Monte 
Corona/KronaJpe and Casera For/Ofenalm area. 
The specimeas were determined and described 
by ünger (1869), the taphollora list contains 
19 taxa. 

The déterminations of Unger (1869) were later 
revised by Reichardi (1937) and Fritz & 
Boersma (1982). 

laphoflora lists from the Monte Corona section 
(Corona Formation) hâve been piiblished by 
Stache (1874), Scheliwien (1892), Frech (1894) 
and Gcyer (1897). 

From the localiries Cason di Lanza (?Meledis 
Formation) and Monte Pizzul (type locnlity for 
the Pizzul Formation.) plant fossils were descri¬ 
bed by Tonimasi (1889), Bozzi (1890) and 
Vinassa De Regny ëc Gortani (1905). 

Later, numerous new localiries of plant fossils 
within the Auernig Group were discovered by 
Kahler, Metz and orhers in the Auernig, Nassfcld 
and Schulterkofel areas. The planr fossils were 
described by Rcichardi (1933) and Kielhauser 
(1937), a first summary on ibc fos.sil tlora of the 
Auernig Group incUiding 25 taxa vvas given by 
Reichardr (1937) and Joiigmans (1938). 
Jongmans (J 938) classified the flora of iho 
Auernig Group as WestphaÜan D (= Rarly 
Stephanian) and Wcstphallan E (= Late 
Srephanian). Ue aiso pointed out that within the 
Auernig Group the .Schulterkofel flora repre.sents 
the youngest flora. 

Berger (I960) reported 30 taxa from new locali- 
ties, most of them within the Bombaso 
Formation and lowcrmosc part of the Auernig 
Group. He classiflcd the fossil flora as 
Wesrphalîan D. Planr fossils hâve also been des¬ 
cribed from several new intervals within the 
uppermost Corona-, Auernig- and Carnizza 


Formations. (Kahler et ai 1933; Kahler & Prey 
1963; Fenninger & Schonlaub 1972; Francavilla 
1974). 

Fritz & Boersma (since 1980) and Fritz & 
Kraincr (since 1993) systemarically investigated 
the fossil flora of the Bombaso formaticm and 
Auernig Group from more than 30 localiries. 
Plant füssil.s arc found in ail fomiations of the 
Auernig Group, from most localiries the strati¬ 
graphie position within the section is exactly 
known. 

From ail localiries 105 taxa are described 
(Eqtiisetophyra 26 taxa, Lycophyra 12 taxa, 
Filicophyia, Pteridospermae and Ptcridophylla 
57 taxa, Cordaitospermae 9 taxa; Coniferae 
1 taxon, sce Fritz et ni 1990; Fritz ëc Kraincr 
1993, 1994, 1995). 

From the Grenzland Formation the occurrence 
of plant fossils (no déterminations) has been 
nored by several auihors (Felscr et ai 1956; 
Felser ëe Kalder 1963; Kahler ë<: Prey 1963; 
Fliigel 1974), Herzog (1984) discovered a plant 
los.sil bcaring inierval and collectcd a flora which 
was determined and described by Fritz & 
Boersma (1984) and Fritz et uL (1990). So far 
known this locality is the only one within the 
Rattendorf Group and thus the youngest fossil 
flora of the Late Paleozoic sequence in the Garnie 
Alps. 

Flora of the Bomra.so Formation 
From ilif Bomba.so Formation 3 localilies c'oniai- 
niiig plant fossils arc known (Tomritsch 1,2 and 
6). l'he loweimost locality ( Ibmrjtsch 6) is clia- 
racctrlzed by the occurrence of Sphenophyllum 
0 h la Ugifv l i U r>i , Linupteris ne u ro p te ro id es , 
Neuropterh ovittn^ Neuropteris stheucbzeti and 
oïhcrs (Fritz & Kraiiier 1995). According ro 
Wagner (1984) N. scheuchzeii is a guideform of 
the Cantabrian {Oduntopterls cantahrica zone). 
ThLs corrélation quiie prcciscly correspond.s with 
fu.sulinid data, which suggests for Cantabrian 
Uppermost Moscovian and Early Kasimovian âge 
(Ginkel 1971; Rauscr-Chernousova & 
Schcrbovich 1974). 

Fl OIL\ OF I HE Al 'EKNIti GrCHIF 

From the Auernig Group plant fossils are known 

from many horizons within ail formations. The 
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lowermost horizon containing plant fossils is 
from perhaps the basal part of the Meledis 
Formation (localities Tomritsch 3, Zollnersee 
and Straniger Alm). The (ossü assemblages of 
these localities arc characterized by the abundan- 
ce of Linopteris neuropteroulei, The presence ol^ 
Sphenophyllum angitstifolinm. S. oblongifoUumy 
Callipteridium ptei'idinm, Odoritopteris hrardiî 
and Pecupttrh species of rhe gtoup /? lirboreu't'nct 
-P. schlotlmmii indicaces Stephanian âge (early to 
middle Stephanian C according to the megaflora 
zonation of Wagner 1984). Howêver, there is a 
contradiction bcrween fusulinid and floral dating 
of the lowêr Meledis Formation. Bascd on fusuli' 
nids the lower Meledis Formation i.s Early to 
Middle Kasimovian in âge and .should corres¬ 
pond al leasi witb the upper portion of the 
Cantabrian. Stephanian A and perhaps 
Stephanian B (Wagner & Winkler-Prins 1985; 
Davydov 1990). Only the uppermosr Meledis 
Formation» which contains early G/helian fusuli- 
nids, could correspond wich Stephanian C. The 
âge of rhe Meledis Formation in the Tomritsch 3, 
Zollnersee and Straniger Alm localities should 
also be dated by fiisulinids 
The uppermost portion of the Aiïernig Group 
containing plant lossils lies within the upper part 
of the Carnizza Formation (Incaliiy 
Schulterkofel). From this localiiy Fritz & 
Boersma (1981, 1983) Fritz et ai (1990) dcscri- 
bed a flora composcd of 30 taxa, characterized by 
the occurrence of Callipteridium gigusy C. pteri- 
dium, Üdontopteris atpina, O. hrardiu Pecapteris 
feminaelormis and index fossils for Late 
Stephanian âge: Aphlebia ebmgnta, Pseudomario^ 
pteris bmquetit and Sphenophyllum alatifolium 
[Sphenophyllum angushfolium zone, Stephanian C 
according to Wagner 1984). 

Flora oi un. Grln/.i.ano Formai ion 
The flora ol the Grenzland Formation contains 
16 species including ylrti/y/Arr/Vr sphenophylloides, 
A. stelLita, Sphenophyllum cf. angustifoliumi 
Callipterih confertn, OdouropTvris brardii, 
Pecopteris fimiuaefimnis and P schlotheimii, The 
occurrence of Callipteris conferta and Spheno- 
phyllîim cf angtistifoltum indicates Early Permian 
âge [Callipteris conferta zone according to 
Wagner 1984). 


Typical guideforms of the Lobatopteris lajnuriana 
zone (Barruelian) and Alethopteris zeilleri zone 
(Stephanian B) hâve not been discovered till 
now. 

According to the plant iossils chc Bombaso 
Formation is of Cantabrian âge. the Aucrnig 
Group contains typical guideforms of Stephanian 
C, and the Gren/Jand Formation is characterized 
by a flora of Early Permian age (sec Table Garnie 
AJps, this volume). Based on Doncts Basin data 
(Davydov 1990) Stephanian A corresponds to 
the mideile and perhaps part of late Kasimovian, 
Stephanian B corresponds to the late Kasimovian 
and Stephanian C to the most part of Gzhelian. 
Aiuunian begins from the Schwagcrnia robusta- 
Ultradaixiua bosbytauensis zone of the 
Orenburgian and also corresponds to rhe whole 
Assclian (Fig. 6). 

The florâ of the Bombaso Formation, Aucrnig 
Group, and Grenzland Formation is well dated 
by fusulinids. Fluvial sequences of the Eastern 
Alps (Stangnock Formation, Gurktal Nappe), 
which contain a similar assemblage of plant fos¬ 
sils ranging from the Odoutopteris canfahrica 
zone ro the Cilbpteris conferta zone, can be well 
correlated with the marine seqiience of the 
Garnie Alps (Bombaso Formation-Grenzland 
Formation). 
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Kossovaya O. L. 1998. — Evolution trends in Middie Carboniferous Petalaxidae (Rugosa), 
in Crasquin-Soleau S., Izart A., Vaslet D. & De Wever P. (eds), Peri-Tethys: stratigraphie 
corrélations 2. Geodiversitas 20 (4) : 663-685. 

ABSTRACT 

Various a.spects of the study of the Petalaxidae Fomichev, 1953 are consider- 
ed. Detailed observations from previous investigations together with new, 
more précisé data on the stratigraphie distribution of the Petalaxidae in the 
northern and central part of the Russian Platform are used as a framework 
for phylogcneric reconstruction. Five main morphological groups are reco- 
gnized within Petalaxis Milne Edwards e/Haime, 1852, based on the combi¬ 
nation of stable and variable features prédominant in each group. The main 
trend in Petalaxidae évolution during the Bashkirian and Moscovian stages is 
an increase in the colony intégration and the stabilization of multitrabecular 
septal structure. The diagnosis and species content are given for taxa includ- 
ed in Petalaxidae after author’s révision. Four new taxa are described: 
Donastraea n.g.» îvanoina (Procystophora) n.sg., Petalaxis (Petelaxis) primiti- 
vum n.sp. and P. (P.) gigas n.sp. 
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RÉSUMÉ 

Tendances évolutives des Petalaxidae (Rugosa) du Carbonifère moyen. Des 
aspects variés de Tétude des Petalaxidae Fomichev, 1953, sont considérés 
dans cette publication. Des observations détaillées provenant d’investigations 
anciennes et récentes, des données plus précises sur la distribution srratigra- 
phique des Petalaxidae dans la purtie septentrionale- et centrale Je la plate¬ 
forme russe sont utilisées comme un guide pour la reconstruction 
phylogénétique. Cinq groupes morphologiques principaux sont reconnus 
dans Petaiaxis Milne Pdwards ctHaimc, 1852, fondés sur la combinaison de 
caractères .stables et variables prédominant dans chaque groupe. La principale 
tendance évolutive des Pcralaxîdac pendant le Bashkirien et le Moscovien est 
une croissance dans Pintégrarion coloniale et la stabilisation de la structure 
septale muldtrabéculée. La diagnose et le nombre d’c.spèces sont donnés par 
taxons inclus dans les Petalaxidae, d'après la révision de l’auteur. Quatre nou¬ 
veaux taxons sont décrits : Donasimea n.g., îvanovia iProcystophora) n.sg., 
Petalaxis (Petalaxts) primmvum n.sp. and P. [P.) gtgas n.sp. 


INTRODUCTION 

Based on previous data (Hill 1981; Saiido 1983) 
the Petalaxidae range from Early Carboniferous 
(Visean) to Early Permlan, This investigation 
shows thar the Middle Carboniferous Petalaxidae 
are a remarkably widespread, abundant and 
short-lived taxonomie group. They range 
through uppermost early Ba.shkirian, lace 
Bashkiriaii and Moscovian stages (Fig. 3), and 
arc found In the Lirais, Arctic Canada, U.S.A., 
Northern riman, Nova)'a Zemlya, Moscow and 
Donetx Basins, China. Japan, Thailand, 
Cantabrion Mountains, Alaska and North Africa. 
Thus, they occur in the shelf faciès in the 
Tethyan and the North American-Uralian basins. 
They arc aiso known in Spitsbergen and 
Arctic Canada (Bamber & Fedorowski 1995; 
Somerville 1997)- 

MATERIAL 

The data for this study were obtained from bed 
to bed collections of coral faunas from the 
uppermost Early Bashkirian-Moscovian of the 
Novaya Zemlya Archipciago (Cape Makarov, 
Northern Island), Sula River and Malaya 
Pokayama sections of Northern Timan (Figs 1, 
2) and some sections of the Moscow région. 
Also, new material collected from the Moscow 
Basin was included and the works of 


Dobrolyubova (1935) and Fomichev (1953) 
were revised. 

STRATIGRAPHIC POSITION 

Two partial-range zones, the Petalaxis zone and 
the Ivanovia zone, hâve bcen defmcd (Kossovaya 
1995), based on the cvoluiionary patterns shown 
by the Petalaxidae from che uppermost Early 
Bashkirian ro che top of che Moscovian stage. 
The détermination of the partial-range generic 
zone boundaries was based on taxonomie diversi- 
ty dynamics. the structure of che assemblages and 
phylogeny of the Petalaxidae. Analysis and esti¬ 
mation of zonal boundaries show thac the more 
précisé levels for corrélation are chose characteri- 
zed by the biocic events in the development of 
che coral assemblages (extinction, initia! phase of 
recovery and radiation). Three main phases of 
variation in rugosan diversity were distinguished 
after the abrupt élimination of many généra as a 
resuit of the Mid-Carboniferous event (base of 
Hontocerm zoncr Kos.sov;ty4 1996, fig. 3). These 
data bave been used for international corrélation 
(Kossovaya 1996, fig. 8), but now shoiild be 
modified a Üftlc. 

Vm. Petalaxis zom 

The appcarance of Bashkirian représentatives of 
Petalaxis coincides with the stabilization of 
favourable marine conditions and marks che 
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beginning of rhe recovery interval that corres¬ 
pond to the base of che PetaLveis 7.one. It begins 
approximarely at the base of the praegonkyP 
staffelliformis fusulinacean xone (= Streptogtia- 
thodîis expansm-Jdioffiathndns nniiosm conodonc 
zone (Koreti 1980)) with the sudden appcarajicc 
and rapid expansion of massive colonial PetaLixis 
along the eastern niargin of the Euro-american 
paleoconfinenL (Eig. 5). "Ihis boundary was 
observed in Novaya Zemiya and Northern 
Timan sections and bas been documented in the 
Bashkirian Mountains srratotype région (Ogar 
1985). This lève! is also emphasized by diversifi¬ 
cation of solitary and fasciculare corals 
(Kossovaya 1996). In the Cape MaJearov section 
(Novaya ZemIya, Loc. 801, Fig. 1) the First 
représentatives of Petûlaxis primitnnim n.sp. 
(/? groiip) were foundwith P^eudostnjJelUi 

anîiqua^ P. ginndia ds\à P. cP. prae^mkyKA^xçxtm- 
ned by Dr. W Davydov, Fig. 1). In the Sula River 
section (northern Timan), at Loc. 31 (bed 9) 
Petalaxis, represented by 7? persubtilh Ko/.yreva, 
1974 which occurs cogetber with Donophyllum 
retîculatum (Fomichev, 1953) (bed 9) and 
Yakovleviellit tschernysnhewi (Gorsky, 1978). The 
first occurrence of 7? sp. aff 7? mtoyanm Mîlne- 
Edwards cr Haime, 1851 was fixed in the 
Askynbashskian stibstagc in the Southern Lirais 
(Ogar 1985). Numeron.s specics of Petûlaxis àvc 
known frorn rhe Baslikirian deposits ol the 
Voronezh uplift. The Early Bashkirian intcrvul Is 
characterized by P persubli/is Kazyrc\"a> I974v 
R korkhovac Kozyreva, 1974^ P tmnuinix 
Kozyreva. 1974. P. exdü lvozyrc\'a,. 1974 and 
P confertus Kozyreva. 1974 (Fig. 5).. Somc of 
these specics extend inro the Late Bashlctrian, 
where P. mirm Kozyccva» 1974, P. evidens 
Kozyreva> 1974 also appear (Kozyreva 1974, 
1984), In the Cantabrian Mountains PemLvcis 
occurs in the équivalent Westphalian A 
(Rodriguez 1984; Rodriguez et ni 1986). In 
Arctic Alaska (Northern Flank. Eastern Brooks 
Range) PetaLixis wahooemis is (ound ac the base 
of the Atokan stage (toraminiferal zone 2], 
Armstrong 1972). PifUtlaxis shown in the lisi 
of Bashkirian généra in tfie midcontinetii ând 
the western interiur of USA by Sandu (Rodriguez 
et al. 1986; Sando 1989). The précisé stratigra¬ 
phie position of Petalaxis is known from four 


Southern Midconcinent Morrowan localities, ail 
associated with the Idiognathodus sinuosns cono- 
dontzone (Sutherland & Grayson 1992). 

‘Lhe appcarancc of Petalaxis [7^ kitakamierisis 
(Minato, 1955)] was fixed in grainstone or 
packsrune beds of Bashkirian âge near Ban Tat 
Su (Km 13), Thailand (Fontaine ei al 1991). 
The level ofrhe f-FwitvA appearance .seems to be 
usefiil for international corrélation and allows to 
correlate the base ot Petalaxis zone wirh the 
middie part of Morrowan and rhe base of the 
Westphalian A (see Kossovaya 1996, fig. 8). 

AJter the decrease of diversic}' until Vereian sub¬ 
stage (Fig. 3) in which no nevv species appeared, 
reached its greatesr géographie distribu¬ 
tion in dre Kashirian substage. Some species with 
internai structure differiug from those in lhe 
Bashkirian appear in the Kashirian of ihe ea.stcrn 
part of Rus.siaa Flatform (Oka-Zna uplift, 
Studentz quarry). l'he prédominance of massive 
colonial Petalaxis àcïmcs rhe P. rneoyavus zon^ in 
the fronces Basin (Zonal Strarigraphy 1989). 
P. si)>Ltxis uralica (Gor.sky, 19'^8) occurs in coeval 
deposits ofCiornaya Bashkiria. in che Urals 
(Ogar 1990). l'he number of .species is not very 
liigh, only lhe main brandi siill exisis (Fig. 5). In 
different régions, coral diversity begins lo increa- 
sc; in inicrval 12 of the western interior of USA, 
at lhe beginning of che Westphalian Q In the 
base of the Kashirian substage in the Moscow 
Légion (post-Vereian incieasc of divensi:}' m reco¬ 
very inteiwal, Kossovaya 1996) 

Tilt Ivanovia V-iMM 

The appearancc of ascrcoid colonies wirhin one of 
rhe Petalaxis branch seems ro be rhe most remark- 
able event in the family évolution. Tlie Rrst repre- 
sencatives of (vamvia Dobrolyubova, 1935 appear 
in rhe Podolsk qu,irry (stratotype of the 
Podolskian .substage, Mo.scow région, Kossovayas 
collection) and ihen become abondant in the 
Myachkoviaii substage, wlicac che PeuLtxis aesicu- 
lostts (Dobrolyubova, 1935) group is dominant 
(Fig. 6). faa?i<nûa podulskiensn Dobrolyubova, 
1935 is known from the Upperrnost Ku.shirian 
ând Podolskian sub.srâges in the Cantabrian 
Mountains, Asturias, Spain (Escalada Formation) 
(Rodriguez 1984). The first appearance of 
Ivanovia coïncides approximarely with the base of 
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Fig. 1 . — The occurrence of Petalaxis and associated species in îhe Bashkirian and Early Moscovian deposits of the northern part of 
Russia (loc. 801. northern island of Novaya Zemlya; loc. 31, Northern Timan, Sula River section). 


the Podolskian SLibsta|;c (Figs 3. 5, 6), which is 
considercd to bc the beginiiing ot the radiation of 
the Petalaxidac and is dcfincd as the lowcr bouii- 
dary of the îvanovia zone (the base of colaniae- 
vozhgalenm-kamemh ioraminifèra zone, Fig. 5). In 
the Donets Basin, Ivamvitt hom limestoncs 
K8-L6 (Fomichev 1953), slightly below the first 
appearance of Ivanovia in the type area. The maxi¬ 


mum diversity of Petalaxis and astreoid forms is 
record-cd în the Myacldcovian subsrage, c.spccially 
in the Doncts and Moscow Basins, whcrc nume- 
roLis species of Ivanovia {Ivanovia) (Dobrolyuhova, 
1935), /. {Prncystophom) n.sg., Donitstraea n.g, and 
Dobrolvubova, 1935 (Fig. 15) 
occur. In the radiation interval (Figs 5, 6) ail 
groups of Petalaxis exist almost simultaneousiy, 
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N'urthern Timan 



Fig. 2. — The occurence of Petataxis and associated species in the Moscovian deposits of the northern Timan sections (see legend 
Fig.1). 


but the /? vesicîilosus group i.s most wide.spread. 
This interval i.s dcfined as the PetaLtxis vesiculosus 
species-range /une in the northern llman sections 
(Kossovaya 1995) and is also characterized by 
P. flexiwsîi^ (Trautschold, 1879) (Moscow Basin, 
northern Timan, Belaya River section), P gigâs 
Kossovaya n.sp, (Northern 1 nnan, Sula River sec¬ 
tion and iVîalaya Pokayaina section), P. orhoensis 
(de Grooi, 1963) and P stylaxis (d'rautschold, 
1879) (Moscow Basin). In tlic Malaya Pokayama 
section P gigds nsp. [mintlosus’grmxŸ) was lound 
together with index-species of the Meogndthodus 
roundyi-Streptogmnhudus. cdnrellosus coriodon l 
zone (zonation by Cioreva in Goreva &: Kosso\^aya 
1997). In Belaya River section. P flexnosus (loc. 5, 
bed 5-7) was found in the limescone, overlying 
that containing the PamstaffeHn bradyi Moeller, 
1877 and Pnrastaffella O/awa, 1925 

(determined by Alekseeva, pers. corn.). Tbese 
foram species are widespread in Moscovian depo- 
sits of the Russian Platform. In the type section of 
the Myachkovian substage at Domodedovo quar- 


ry\ Peta/dxis spccics {stylaxis, flexuosns) occur in the 
lower part of substage (Novlinskaya Formation) 
and the last représentatives of P. sîylaxis group 
occur in the upper part oi Sula Formation in the 
MaJaya Pokayama section (bed I 13) slightiy below 
the Moscovian/Kasimovian boondarv (Fig. 2). ïn 
most areas of western Russia, tae Petalaxidae bcca- 
mc minet bcforc chc end of the Myachkovian. 
Ivanovia zone coïncides with radiation pha.se, 
which is easily recognisable in Noviiya Zenilya, 
in the Mo.scow Basin and surrounding area and 
in the Northern Timan section at the base ol ilie 
colunïae-vozhgalensis’kamemh zone (Fîg. 5) ai the 
base of Podolskian substage on rhe Russian 
Placfdrm. In addition, chc peak of divetsit)' is 
fixed in the base of Westphalian D, and rhe base 
of rhe Desmoinesian {Interval 13. Western inte- 
rior, USA, Sando 1989), 7? yosti Stevens, 1995 
(belonging to P Grootia group) occured in Bird 
Spring Formation of the Desmoinesian (Stevens 
1995) and could be correlated with the upper 
part of Moscovian. 
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Fig.3. Taxonomie diversity of Petaiaxidae Fomichev. 1953. I. innovation levai al the base of Podolskian substage; H, hiatus in the 
Petalaxidae distribution at the end of Serpukhovian and the beginning of the Bashkirian; E. extinction at the end of the Moscovian. 1- 
15, foram zones of the Russian Platform (Zonal Stratigraphy 1989). Visean: 1, Eostaffella ikensis; 2, Eostaffella tenebrosa. 
Endothyranopsis parvus. Serpukhovian; 3. Tarusian-Steshevian substages, Pseudoendoihyra globosa, Neoarchediscus parvus 
zone; 4. Pfotvian substage, Eosïatfada protvaa zone; 5, Zapaltubign substage EosiqmoKna expticaîa, Monotaxinoides subplana 
zone. Bashkirian: 6. Voznesenskran substage. Plectostaffella bogdanovskensis zone, 7. Syranian substage. Boetaftefla psevdotru- 
vei. E. posimosQuensis. E van'ariûnsis zone; 8. Akavasskian substage. Pseudostaffeffa antique; 9. Askynbashîan substage. 
Pseudostaftella praegorsky. Prafasudnella staffalhformis: 10, Tashastynian substage, Ozawainsffù pararhomboidalis. Protusulinella 
primitiva; 11. Asatauskian substage. Verella spicata. Aljufovelia tikbonovicbt, Moscovian: 12. Vereian substage, Aljutovella afjutovi- 
ca. Schuhertella paucisuptàta: 13, Kashirîan substage, FasiMina pseudoelegans, Aifutoi/efla znensis: 14. Podolskian substage, 
Fusulinella colanlaea. F. vozhgaiensis, Fusulina kamensis. 15. Myachkovian substage, Fusulinalla bocki. F. eopultnra. F. cylindrica 
Kasimovian; Krevyakinlan substage, Proiritidtes pseudomontiparus. Obsolètes obsolelos. 


TAXONOMIC REVIEW 

The Family Petalaxidae was established by 
Fomichev (1953) (Fig. 4). According to bis ini¬ 
tial diagnosiSv only généra of massive colonial 
corals wirh a conrinuous intercorallite walb a 
lamellar> complex axial structures containing 
axial dissepiments and/or axial plates were 
included in chis family. The dissepimenrarium 
consists of large dissepiments interrupting the 
septa. Wichin this family, Fomichev (1953) reco- 
gnized only one gênas Petalaxia Milne Edwards 
Haime, 1852 (type -species P mcoyanus Mï\ne 
Edwards (?rllaimc, 1852) including the sub- 
genus Cystolonsdaleia Fomichev, 1953. According 


to Fomichev (1953), a possible ancestor could be 
Thysanophyllum Nicholson Thomson, 1876 or 
Endophyllum Milne-Edwards et Haime, 1851 
(Early Carboniferous). .Similar corals, dis- 
tingui.shed by an Interrupted intercorallite wall, 
were grouped into the Family Cystophoridae 
Fomichev. 1953. It embraced Iimnovia 
Dobrolyubova, 1935, Cystophora Yabe et 
Hayasaka, 1916, Polythecalh Yabc et Flayasaka, 
1916, and Loitsddleuhtrdea QcïÛï, 1921 with the 
possible ancestor Thysanophyllum. Lacer Hill 
(1981) revised Fomichev’s systematics and in¬ 
cluded ail ol thèse gênera, partly as junior syno- 
nyms, into one taniily (the Petalaxidae), and 
changed the family diagnosis accordingly. Sando 
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Fomichev 1953 


Hill1981 Sando1983 


Kozyreva 1980, 1984 


Petalaxidae Cystophoridae 
Fam. nov. Fam. nov. 
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çç 
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Thysanophyllum Thysanophylfum 
or 

Endophyllum 


Petalaxidae 
Fomichev 1953 




Upper Visean 


ANCESTOR ANCESTOR 

Stelechophyllum Lonsdaleia 


Fig. 4. — Historical review of previous investigations showing stratigraphie range of généra within Petalaxidae. Hiatus in the 
Petalaxidae distribution embraces Voznesenskian. Syranian and Akavasskian substages (Bashkirian stage). C1, Early 
Carboniferous. 


(1983) published a very imporranr révision ot 
Petalaxis, where five species groups were distin- 
guished: the simplex group, the jlexunsus group, 
the wagneri group, the rncoyanns group, and the 
vesîculosus group. Stelechophyllum l olmachev, 
1933 (Lithostrotionidae) vvas suggested as a pos¬ 
sible anccsior. Kozyreva (1984) dealt witb the 
evolurionary aspects of the Petalaxidae, where 
Lonsdaleia Mc Coy, 1849 was suggested as a pos¬ 
sible ancestor. Tbe présent investigation and sup- 
porting phylogcneric reconstruction makes some 
changes to Hills (1981) System, but follows a 
fcw of the main principles established (HÜI 
1938; Sando 1983) in general aspect, but in a 
somewhat ntodified fonn: 

- comparison of the adule stages of different 
species; 

- investigation of variabiliuy within one species; 

- use of budding and early stages of development 
for récognition of ihe connection between spe¬ 
cies (généra) bascd on the récapitulation law; 

- comparative analysis of septal microstructure; 


— use of different type of stratigraphie data, 
including event stratigraphy as a framework for a 
phylogenetic model. 

TAXONOMIC DIVERSITY ANALYSIS 

The firsr appearantee of species included in 
PetaLtxis is suggested from the Late Visean depo- 
sits of North America [/^! shnplex (Hayasaka, 
1936), Litric Fiat Formation, Utah] (Bamber 
1961; Sandü 1983). P simplexh characterized by 
very short major septa, which are poorly express- 
cd iii the early stages of coralliic development 
(Sando 1983, plaie 18, fig. 1). The taxonomie 
diversity analysis ot the Petalaxidae shows an 
interruption of Petalnxis lineage and associated 
généra in the uppermost Scrpukhovian-lower- 
mosr Bashkirian (Fig. 3). Di.sappcarancc at that 
level affects not only species, but nume- 

rous taxa of rugose corals and has been described 
as a minor mass extinction event (Kossovaya 
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Fig. 5. — Distribution and stratigraphie range of Petalaxis and Ivanovia species in the Bashkirtan and Moscovian deposits of the 
western part of Russia. 1, Moscow Basin: 2. Donets Basin; 3, Voronezh anticline; 4, Nova Zemlya; 5. Northern Timan; 6. Gornaya 
Bashkiria. N.B. Early Bashkirian substages omitted (see Fig. 6). 
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Fig. 6. — Phylogenetic relations between morphogenetic groups within Petalaxidae. 
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1996). Tlic divStrilïution of the Pccalaxidac \s rcs- 
trictcd by extinction of the most species bcfore 
the beginiitg of the Kasimovian. Permian repré¬ 
sentatives ot Petalitxis^ numerous in the 
Wolfcampiaii deposits of California (Wilson 
1982) are ab.sent froin the Kossov-ayas collection 
and everj^vherc in Riissia, and arc not considered 
hcrc. The punctuated character of diversification 
of the Petalaxidae b expressed by two rentarkable 
hiatuses: one near the mid-Carboniferous boun- 
dary and another noar the lower Kasimovian 
boundary (Pigs 3. 3). During the uninterriipted 
séquence wiihin the Bashkirian and Moscovian, a 
significant decrease in the diversity occurs at the 
base of the Vereian substage (Fig. 5) coinciding 
with stabilization of conditions unfavourable for 
massive corals. The beginning of a short trams' 
gression followed by the abrupt change to régres¬ 
sion took place during the Vereian in rhe Moscow 
Basin (Briand et al, 1998). The samc diver.sity 
pattern is characrcristic for ooeval deposits of rhe 
Urals (Gor.sky 1978; Ogar 1984. 1990). A gra¬ 
duai incrcxsc in divensit)^ b charactcristic for the 
Kashirian substage. The appearance of Petalaxiszt 
the middle of thb substage in the Moscow Basin 
coïncides wiih a iran.sgiessivc sy.stem tract 
(Studenetz Quarry) (Briand étal. 1998). Adaptive 
radiation and widespread expansion ol the 
Petalaxidae occur in the Podolskian subscage and 
coincides with the appearance ol niorphological 
innovation, characterized by a tj'pc of colony 
with a higliei degrec ot intégration {aphroid and 
thamnasterioid colonies of fvanovin and 
Donastraea). In the Moscow Basin, the levels of 
Petalaxidae radiation and rhe appearance of 
astreoid colonies aLso coïncides with a maximum 
flooding surface (Briand et ai 1998), The disap- 
pearance of Petalaxidae in the Moscow Basin can 
be illustraied in Domodedovo quarry where ir is 
correlated with a régression at the l)a.se of Peski 
Formation ai the end of ihc Myachkovian time. 
Only one species [stylaxis group) wiih maximum 
morphological simplification has been found ncar 
the Moscovian-lxasimovian boundary and may be 
considered as dre lasr species of long-living line- 
age of the Petalaxis 

There arc sonie data on longer duration (Late 
Carboniferous) of very restricted assemblage ot 
astreoid colonies in the Donets Basin (Fomichev 


1953) and China (/. jiaozuoensis Peng, Lin et Li, 
1992). 


SYSTEMATICS 

Family Petalaxidae Fomichev, 1953 

Petalaxidae Fomichev, 1953: 449-452. - HÜl 1981: 
F 401. - Sando 1983: 23-40. — Bamber & 
Fedorowski 1995:4. 

Cystüphoridac Fomichev, 1953: 469 (type genus 
Cystophora^’jüoe erHayasaka, 1916) 

Type genus. — Petalaxh Milne-Edwards et Haime, 
1852. 

GfNERA inciuoH). — Peiaifixh Milne-Edwards et 
Haime, 1852; Perafaxis (PetaLms) Milne-Edwards et 
Haime, 1852; P. {Grootia) X. Yu, 1984; Cysto- 
lonscialeia Fomichev, 1953; Ivanovia {Ivanovid) 
(Dobrolyubova, 1935); /. {Procystnphora) n.sg.; 
/. {PwtoivaaQvia) X Yu, 19'^7; Bcnxiphyllum Wu et 
Lin, 1992. 

Age. — Early Carboniferous?, Middle Carboniferous, 
Early Permian?. 

Diagnosis. — Cerioid, cerioid-astreoid, aphroid and 
thamnasrerioid; axial stnicture represented by lathlike 
coliirnt'lla conjoined with long cardinal septum, bcco- 
ming iiarrow axial column bv addition of few, short 
septal lamelluc and axial tabcllac. l'hc lalter fVnms Hie 
dlsconrinious column wall. Periaxial tabulac siib- 
horizontal or concave or décliné abaxiallv. Some taxa 
have a very compicre axial .struernre sîinilar in texture 
to cône in cône. Tabular subhorizontal or slightly 
con-cave or convex. Dissepimentariiim commoniy 
lonsdalcoid. Microstructurc from mono- ro multitra- 
bccular. 

Remark 

The proposed phylogeny model (Fig. 6) is based 
on the comparative analysis of rhe following 
morphological featurcs and estimation of cheir 
variability and stability. 

Such morphological featincs are considered to be 
important: the numher of rows of disscpimencs, 
rhe complexity of the axial structure,, the ratio of 
the width of dissepimentarium to diamerer of 
tabularium, the degree of development of rninor 
septa. This is the basLs for dislinguishing sevetal 
main groups within the Petalaxh genus showing 
independent évolution trends of the each lineage. 
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Some of this group hâve to be considérée! as 
a subgcnus after redescription of most of the 
species. 

Discussion 

By the Kossovaya's opinion, based on the obser¬ 
vation oi Petalaxis species in the American 
Muséum of Natural History (Washington), the 
Early Carboniferous species, which had been 
included in the PeUiLixis by Sando (1983) 
hâve to be revised frooi the point of micro- 
structure. By their morphological macrofeatures, 
they are more similar lo Stelvchophyllurn 
Tolmachev, 1933 (Sando 1983).. 

Genus Milne-Edwards erHaime, 1852 

Petalaxis Milnc-Edwards et Haîme, 1 852: 
205. - foniichev 1953: 449-452;. - Hill 1981: 
401.-Sando 1983:23-25; 

Stylaxis MWne Edwards e/Hainie, 1851: 452 (part.). 

Litbostrotioïiella Yabe et Hayasaka, 1916 — 
Dobrolyubova 1935: 14. 

Lonsdaleta Mc Coy, 1849 — Dobrolyubova 1935: 29. 

Type SPEtacs. — Petalaxis rneoyana Milne-Edwards et 
Haime, 1852. Lecrotype; sample 1/251, St Petersburg 
State University. Muséum ol Historical Geology 
deparcmeni (Fedorowsld &: Gorianov 1973: 58-59, 
pl. XII, fig. 4, texr-fig. 20). 

Age and EOCAI.ITY. — Middlc Carboniferous, 
Moscoviun .stage, Myachkovian horizon, Moscow 
région, Myachkovo village (Fedorowski & Gorianov 
1973). 

DtagNüMS. — Cerioid colonies; corallices with 
simple, narrow axial structure of larhlike columella 
continuoiLs with one or two long proiosepta, corn- 
monly cardinal one, reinlorced ny one or two ver)* 
short septal lamelUe and sparse, sreep axial labella 
next belüw'; other major septa withdraw' from axis; 
dissepinicntarium of dtffcrcni wrddi. tabiilae sub¬ 
horizontal; supplemenied pcripherallv by abaxially 
declined tabcllae. Pttiihxis genus includes four 
morphogeneric gfoups ol Petataxù {Petalaxis)'. StylaxiSi 
flexuosusy vesiculosusy mcoyanusmà Petalaxis {Grootia). 

Subgcnus Petalaxis (Petalaxi^ 
Milne-Edwards erlTaime 1852 

Diagnosis. — As for genus, excludiiig représentatives 
with weak development of lonsdaleioid dissepiment. 


Petalaxis (/?) group 

(Figs 7, 13C, D. 15A, B, 16A, B; Table 1) 

SPKCII-:S INCl.UDKD. — P. (P.) stylaxis ('ITautschold, 
1879), P. (P.) priraitivum n..sp., P. kitakamiensis 
(Minato. 1955), P. penduelensis(Ae.GlsooK, 1963). 

Age. — Latc Bashkirian-Mos'covian, Early Kasi- 
movian?, 

Di.AGNOSIS. — Cerioid colonies with complété inter- 
corallite wall, simple axial structure, composing the 
thickened end of cardinal sepnini or conjoined cardi¬ 
nal and counter septa. Disscpinientarium from 1- 
3 rows ol dissepiments, but consfani. Minor septa are 
vety short or inconstant. The cadicsr species. belong- 
ing ro the styluxts group. are characrcrized cîthcr by 
a vêry simple axidl structure or by conjoined cardinal 
and counter septa; They hecame longer in Moscovian 
species. In their earliest growtk stage, rhe coraLlites 
have no disscpimcnt.s. Only a ttAv rosvs of dissepi- 
menr.s are characrcristic lot tlic adult stages of the 
Bashkirian Petalaxis (P.) fa-imitivurn n.sp. (l'ig. 7G. 
H). The Myachkovian Petalaxis {P.) stylaxis \s clurac- 
terized bv diicker axial structure and hv variation in 
ihc lengtii of minor septa at matiuicy (Fig. 7A-F). The 
trend ftotn reduted minor septa, rypical for 
Bashkirian représentatives, to variable minor sepra in 
ihose of the Moscovian .seem.s to be the evoluiionary» 
irend vvichin thU group. The most stable feacures are: 
(!) ïhe number of dissepiments rows (1-3); (2) a 
simple axial structure; (3) the rafio of dissepimenta- 
riuni width to cabularium diameter Wdis/Dtab is 
about 0.2-0.3 (Table 1). 

Petalaxis (/?) primitivum n.sp. 
(Figs7G-l. 16A, B; Table 1) 

llüLüTYPE. — Collection CNIGR muséum, St 
Petersburg, 801/11, Novaya Zemlya, Northern 
Island, Cape Makarov, loc. 801, bed 11, Bashkirian 
stage, Askynba-shskian substage. 

MatERIAE and OCCl'RENCE. — Bashkirian stage, 
fVskynbashskian substage, Nova)Ti Zemlya, Northern 
Island, Cape Makarov, loc. 801, bed 11, one colony 
{collecring of Dr. V. P. Matveev). 

E'n'MOI.OGY. —From primitive (lat.), very simple. 
DE-SCRIPTION 

Small cerioid colony with five tu six angles cural- 
lites. Intercorallite wall is thin. Major septa thin, 
long and readi two-third ol coralUte diameter. 
Diameter of corallite 4-5 mm, rare 7 mm. 
Number of major septa 15-18. Minor septa 
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Fig. 7. — Petalaxis (P.) stylaxis group: A, B. Petalaxis (P.) sty- 
laxis (Trauschotd) = P. sîyfavis vat^. Dobfolyubova. N 17/140 
muséum PINRAN Moscou Basin. Moscovian stage, 
Myachkovian subslage; C, Pçtataxis (P.) stylaxis (T s- 
P. styiaxis var.2. Dobrolyubova. N 22/140 m\/àeum PINRAN. 
Moscow Basin. Ruza-Ojigoya. nghl bank of Moscow River 
down stream from Novaya Ruza. Moscovian stage. 
Myachkovian suOsiage: 0-F, Petalaxis (P) stylaxis 
(TrautschOtd), W 32-S-4a/1 CNIGR muséum-, St Pelersburg. 
Russia, Northern Timan. Sula Hiver section, loc. 32. bed 9. 
Moscovian stage. Myachkovian substage: G-l, Petalaxis (P.) 
primitivum Kossovaya n-sp., Novlaya Zemiya. Northern Island. 
Cape Markarov, N 801/1. bed 9. coliecling by Dr V. Matveev. 
Bashkirian stage Askynbashskian substage Scaie bar: 1 cm. 

poorly devcloped, shorr and in sonie corallices 
they are absent. Thin interrupted column 
consists of Lonjoined axial parts of cardinal and 
counter septa or separatcd médial place. 
Dissepiincntarium consists of two or thrcc ranks 
of incersepial dissepimencs and fcw lonsdaleoid 
dissepimeiiis. The latrer do nor forrn a constant 
ring. Dissepimentarium is separaied from tabula- 
rium by rhin inner wall. The width of disscpi- 
meniariuni is 1.0 mm. d’abulae are Hat» or 
slighdy concave or convex, Microstructure is of 
monocrabccular type. Diameter of tabularium 4- 
4.5 mm, Wdis/Drab 0.2-0.25. 

DiSCUSStON 

This species differs from R stylaxis by less deve¬ 
lopment of lonsdaleoid dissepiments and more 



piQ. 8. — Petalaxis (P.) ves/cu/osus group: A-D. Petalaxis (P.) 
vesiculosus (Dobrolyubova), N 27/140 muséum PINRAN, 
Moscow Basin, Ruza-Ojigova. right bank of Moscow River, 
down stream from Novaya Ruza. loc, XXVI, bed^^ Moscovian 
Stage. Myachkovian subslage; E-H, Petalaxis (P) gigas 
Kossovaya n.sp., N 32-9*3a/3 CNIGR muséum. St Petersburg, 
Rüssia, Northern Timan. Sula River section, loc. 32, bed 9, 
Moscovian stage Myachkovian substage. Scale bar 1 cm 

numerous major septa; from B kitakamiensis by 
rare occurence of lonsdaleoid dissepiments 
(Fontaine 1991); from 7 ?penduelemishy constant 
and thicker column. 


Petalaxis (P) vesiculosus group 
(Figs 8, 9, lOB, C, 13A, B, F, G, 14C-E; 
Table 2) 

Spt-'CIF.S I.NCl L'Dtfï. — T (P.) Vi'sii'idaSHS {Dubro- 
lyubovj, 1935), P- {P.) bdimkitmii Foiitichcv. 1953, 
P, {P,) lisiïscbanskensis Fomichev, 195.3, /I (/3) gigiis 
n.sp., P. [Pi) mobtk{77tusV\sn\\c\\x:\', 1953, P. (P.) exilts 
Ko/yrcva, 1974, P. {P.) horkhovae 1974, 

7*. {P.) persubûln Kozyrevu, 1974, P. {PI) coufertus 
(KozyrcVà, 1974), P. (P.) mlrus (KüZ)-rcv^a, 1974), 
P. {P.) mVf'wr (Kozyreva, 1974). 
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Table 1. — PelatâAis \P ) sfylaxis group. D diameier of corallile (mm); Wdis. dissepimentarium width (mm); Dtab, diameter of tabu- 
larium (mm): SI. major septa: S2, development of minor septa; DR. the number of rows of lonsdaleoid dissepiments; Wdis/Otab, the 
ratio of dissepîmentarium wldtb to tabularium diameter; r, reduced; pd. poorly developed; d. developed. The measurements of 
P {P.) stylaxls are based on Dobrolybova (1935) and Kossovaya’s collection and of P. {P.) primitivum is based on the holotype. 



D (mm) 

Wdis (mm) 

Dtab (mm) 

SI 

S2 

DR 

Wdis/Dtab 

stylaxis 

6-8 

1 

3-4 

13-16 

pd 

1-2 

0.25 

primitivum 

5 

1 

4-4.5 

17-18 

r 

2-3 

0.2-0.25 

kitakamiensis 

5-6 

1.1 

4 

16-20 

r 

1-2 

0.27 


Table 2. — Petalaxis (P.) vesiculosus group (see legend Table 1). 


D (mm) 

Wdis (mm) 

Dtab (mm) 

S1 

S2 

DR 

Wdis/Dtab 


vesiculosus 

6-12 

4.0 

3-3.5 

10-14 

d 

2-3 

1.3 


belinskiensis 

7-9 

4.0 

4.0 

17-19 

d 

2-3 

1.0 


lisitschanskensis 

12-15 

7.0 

6.0 

18-21 

d 

3 

1.2 


gigas 

11-16 

5 

5 

19-21 

d 

2-4 

1 


mohikanus 

6-8 

2 

1 

13-18 

d 

2-4 

1.7 


exilis 

8-9 

3 

2.5 

10-14 

r 

3-5 

1.2 


korkhovae 

9-15 

3.5 

2.5 

16-18 

r 

2-4 

1.4 


persubtilis 

9-15 

6.0 

2.5 

15-17 

pd 

2-4 

1 


conferîus 

8-12 

2 

2 

15-17 

pd 

2-4 

1 


mirus 

7-15 

2-3 

2 

16-18 

r 

1-2 

1-1.5 


evidens 

13-15 

2-2.5 

2 

19-20 

pd 

1-2 

1-1.7 



Table 3. — Petalaxis {Grootia) group (see legend Table 1). 


D (mm) 

Wdis (mm) 

Dtab (mm) 

SI 

S2 

DR 

Wdis/Dtab 

ivanovi 

6-6.5 

0.5 

2 

13-14 

d 

0-1 

0-0.25 

yosti 

5-8 

2 

4.6 

18-22 

d 

0-4 

0.4 

peraperîuensis 

5-7 

0-1 

2.3 

17 

d 

0-1 

0-0.4 

radians 

7-8 

- 

5 

17 

d 

0 

0 

santaemariae 

5 

- 

2 

19 

d 

0 

0 

cantabrica 

6-7 

0-1 

3 

23 

d 

1-2 

0.3 

wahooensis 

5 

1.3 

3 

24 

d 

1-2 

0.4 


Table 4. — Petalaxis {P.) gigas n.sp. (see legend Table 1 ). 


Sample number 

D (mm) 

Wdis (mm) 

Dtab (mm) 

S1 

S2 

DR 

Wdis/Dtab 

32-9-4/2 

14 

3.5 

3 

20 

d 

2-3 

1 

32-9-4/2 

14 

3 

4 

21 

d 

2-3 

0.7 

32-9-4/2 

12.5 

3.5 

3 

20 

d 

3-4 

1.7 

20-109a-3/1 

11 

5 

5 

19 

d 

3-4 

1 

20-109a-3/1 

16 

5 

6 

19 

d 

2-3 

0.8 
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Fig. 9. — Petalaxis (P.) vesk:ulosus group: A-D, Peialaxis (P.) 
gigas Kossovaya n.sp., N 32-9-4a/2 CNIGR muséum, St 
Petersburg, Russie, Northern Timan, Sula River section, loc. 32, 
bed 9. Moscovian stage. Myachkovian substage. Scale bar; 
1 cm. 

DiacnoSIS. — This group evolvcd towards the stabili¬ 
zation of mînor sepsj and thc widcnîng of ihe dissepi- 
mentarium, which rcachcd a maximum width in 
Myachkovian timc. The most sCvible fcatures are: (1) a 
well-developed lonsdaleoid disscpimcnrarium; (2) thc 
ratio of thc dhscpinicntarium wuhh lo thc cabuiariuin 
diamerer is cqual ro one or more. The strucrure of rhe 
axial part is tne most changeable fearure of représenta¬ 
tives of this group. l‘he septal lamcibe occur frequent- 
!y. For specics mcluded in PctaLvcis {P.) vcsicuhsns 
Group, wdis/Dtah is about 1-1.7. The représentatives 
of this group which arc tharacterized by maxinunn 
width ofdiiisepintoiiariuni arc mo-st widespread in the 
middle and upper parts of the Myachkovian substage, 
where they are stratigraphically important. 



Fig. 10. — a, Petalaxis (P.) flexuosus group: Petalaxis (P.) 
orboensfs de Grool. N 32-9-3a/l CNIGR muséum, St 
Petersburg. Russia. Northern rmian. Suta River section, loc. 32. 
bed 9, Moscovian stage. Myachkovian substage; B. C Petalaxis 
(P) vesiculosuagraop Petalaxis (P) gujas Kossovaya nJip., N 
20-l(}9a*3»'T CNIGR muséum. Si Petersburg, Russia. Northern 
Timan. M-alaya Pokayama section. Votonga River, loc. 20. bed 
109a. Moscovian -stage. Myaçhkovten subslage. holotype. Scale 
bar: 1 cm, 


PetaUveis (/î) ^gas n.sp. 

(Figs 8E-H, 9A-D, lOB, C, 13F, G, 14C, D; 
Table 3) 

Hou^TYPE. — Collection CNIGR muséum, St 
Petersburg, N 20-I09a-3/l-. Volonga River, Malaya 
Polcayama section, Sula Formation, Moscovian stage, 
Myachkovian subsrage, Ivanov'ta partial range zone, 
Pvttildxis t'rr/i w/ww.f spccics zone 

Material and OCCURENCii. — Moscovian stage, 
Myachkovian 5ubstage, Northern Timan, Sula 
J'ormation, Vlyachkovian substage, V'oionga River 
(Malaya Pokayama section), CNIGR muséum, St 
Petersburg, loc. 20, hed 109, rwo colonie.s, two crans- 
verse and rwo longitudinal sections Sula River» Sula 
River section, loc. .?2. bed 9. 

Etv'MOLOGY. — From "gigas” (lat.), enormous. 

Description 

Cerioid colonies with maximum size 1.0-1.7 m. 
Corallite 5-6 angle shape. Intercorallite wall 
thick, sometime waved. Major sepea long, nearly 
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Table 5. — Petalaxis {P.) flexuosus group (see legend Table 1 ). 



D (mm) 

Wdis (mm) 

Dtab (mm) 

SI 

S2 

DR 

Wdis/Dtab 

flexuosus 

5-7 

2 

3-4 

14-17 

d 

1 

0.6 

major 

7-9 

1.5-2 

1.7-2.0 

17-22 

d 

2-3 

0.8-1.0 

orboensis 

6-8 

1.7-3.5 

3.5-4 

17-19 

d 

1-3 

0.5-0.8 


Table 6. — Petalaxis (P.) mcoyanus group (see legend Table 1 ). 


D (mm) 

Wdis (mm) 

Dtab (mm) 

S1 

S2 

DR 

Wdis/Dtab 


wagneri 

4 

0-1 

2-3.5 

14-16 

pd 

1-2 

0.3 


mcoyanus 

5.4-7.8 

0.5-1.0 

1.5-1.7 

16 

pd 

1 

0.3 


donbassicus 

5-7 

1.0 

1.5 

14-17 

d 

1-2 

0.6 


grootae 

4-6 

0.7 

1.6 

14-16 

d 

1-3 

0.4 


sexangulus 

3-4 

1.0 

2.5-3 

13-15 

r 

0-1 

0.4 


intermedius 

5-6 

1-1.2 

2 

16-19 

r 

4 

0.6 



reach the axis of corallite. Number of major 
septa-19-21. Minor septum egual à half of major 
septum. Column thm, constnicred from the 
inner part of the cardinal septum. Cardinal sep¬ 
tum short in the poorly distinguished fossula in 
some corallites, In longitudinal section (Fig. 13G) 
there arc two septal lamellac parallel co the axial 
lamella of column. Internai wall séparâtes rabula- 
rium and dissepimentariiim. Tibul.ae subhori¬ 
zontal. Dis-scpimentarium consists of three to 
four rows ol large, convcx dissepimelit-s. 
Microstructure is of monotrabecular type. 1 hcrc 
are some dilferences in dimentions of corallites 
from dilferenr localities. 

Discussion 

New species differs Irom /? vesicidosus by larger 
diameter of corallites and wider ring of disscpi- 
ments. 

Petalaxis (/?) flextiosus group 
(Figs lOA, 11, 13E, 14A, B; Table 4) 

Species included. — P. flexuosus (Trautschold, 
1879), P. major [àc G root, 1963), P- orhoensis (de 
Groot, 1%3).. 

DiagnosIS. — riie nominal species of this group 
shows a more complex axial structure and a narrow 
ring of dissepiments., Axial structure consisis of the 
axial lamellae, few irregular radial lamellaes. Peripheral 
parts of septa can continue inro dissepimentariiim. 


The most con.stant morphological charactcristics in 
corals of this group are a complex axial structure and a 
narrow dissepimentarium consisting of small dissepi- 
ments developed in mature stages. For species includ¬ 
ed in Petalaxis {P) flexuosus Wdis/Dtab is about 
0.7-1. 


Petalaxis {R) mcoyanus group 
(Table 5) 

Species inceuoeü. — IK {P.) ivapteri (de Groot, 
1963), P. (P.) (Milne-Edwards et Haiine, 

1852), P. (P.) (huhassicus Fomichev, 1953, P. 
( P.) grootae Sando, 1983, P. { P.) sexuugulus (de Groot, 
1963), T. (/^.) intermedius{Ae 1963). 

ÜIAiiNüSIs. — ’J'his group occupies a position iiuer- 
médiate berween ihc P. group and P. flexuosus 

group and is characierized by a more complex axial 
structure, tlun the former and by a narrower dissepi¬ 
mentarium, than chat found in représentatives of the 
P, (P.) flexuosus group. For species included in 
Petalaxis (P.) mcoyanus group Wdis/Dtab is about 
0.3-0.7, 


Petalaxis { Gtootia) group 
(Figs 12A. 14F; Table 6) 

Species includep. — Petalaxis (Gnwtia) ivanovi 
(Dobrolybova, 1935), P ((7.) jsnrapertta'iisis {Ae 
Groot, 1963), /^ (G.) radians (de Groot, 1963), 
P. (G,) santaeniariac {àc Groot, 1963)^ P- (G.) eanta- 
bricus (de Groot, 1963), P. (G.) wahooensis 
Armstrong, 1972, P. (G.) y/ïtri Stevens, 1995. 
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Fig. 11. — Petaiaxis (P.) Ilexuosus group; A*D, Petalaxis (P.) 
flexuosus (Trautschold) N 24/140 muséum PtNRAN, Moscow 
Basin, Moscovian stage. Myachkovian substage; E, F. Petalaxis 
(P.) flexuosus (TrauJschold), N 5-6-1 CNIGR muséum, St 
Petersburg, Russie Northern Timan, Belaya River section, 
loc. 5. bed 6. Moscovian stage. Myachkovian subsîage; G, 
Petalaxis (P.) flexuosus (Trautschold). N 5-5-2 CNIGR muséum. 
St Petersburg, Russie, Northern Timan. Belaya River section, 
loc. 5. bed 5. Moscovian stage, Myachkovian substage. Scale 
bar: 0.5 cm. 


Dugnosis. — This group embraces spccius chanicic- 
rizcd by thc absence or weak development of lonsda- 
Icoid dis.sepimeiu.s and had been primerally 
determined as HiUia n.g. by de Groot (]%3). This 
name was preoccupîed (see Sando 1983). S.mdo 
considered this group as a spécial group within thc 
Pehtlaxis genus. The genus Nvas renamed as (irootid by 
Yu (1977). Mo.st oJ fhe species of this group are 
known from thc Bashkiiîan and Moscovian deposits 
oF the Cantabrian Mountaibs (de Groot 1964). Only 
ont spccics \P, {Gl’ooiiu) lPdnovi\ from the Moscow 
Basin can be included and it is characterized by an 
absent or ver/ wealt development oFa lonsdaleoid dis- 
sepimentarium. Species included in Petalaxis (Grootia) 
group are characterized by Wdis/Dtab 0-0.4 



Fig. 12. — Petalaxis {Grootia) group: A, Petalaxis {Grootia) iva- 
novi (Oobrolyubova). N 89/140 (hoiotype) museurr\ PINRAN, 
Moscow Basin. Prolopopovo quarries in ttie vicinity of Kolomna, 
Moscovian stage. My&chkoviao substage, B Ivar^ovià (/varrowa) 
podo/skrens/s (DoDroIyubova). N 106/140 (holotype). muséum 
PINRAN Moscow Basin. Schurovo. Moscovian stage, 
Myachkovien suosiage: C. Dondstrùea bulla {Dobrolyubova) N 
68/140 (hoioiype; muséum PINRAN. Moî.cow Basin,. Podolsk, 
Moscovian stage Myachkovian substage. Scale bar 0.5 cm. 


Genus Cysto/omdaleia Fom ichev, 1953 

Diagnosis. — As in Fomichev (1953) and Hill 
(1981). Astreoid colonies of Petalaxidae Family. The 
main morphological Featurcs that bave been u.sed as a 
basis for caxonomical révision oF the astreoid colonies 
oF Petalaxidae axe: the type of colony» ihc difTctcnces 
in thc axial Mnicrurc of corallites and thc development 
of minor septa. 


Genus Dobrolyubova, 1935 

Jvanovia Dobrolyubova, 1935: 35. — Hill 1981: F403 
(partly). — Fomichev 1953; 477. — Wu & Lin 1992: 
105, 106. 

Cystophora — Dobrolyubova 1935: 20. — Fomichev 
1953:407. 
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Subgentis Ivanovia (Ivanovid) 
(Dobrolyubova, 1935) 

(Figs 12B, 15C, D> 16C D) 

Type SPECIES, — ivatmnet //d^rf/jM/w/VDobroiyubova, 
1935 (Figs I2R, I6C, D). Ffolorypc: sampic 106/140 
Muséum of Palaeontological Ensciiuce of Russian 
Academy of Science. Moscow (DobroJyubova 1935: 
35-36, plate XIJ, Ogs 1-2). 

Age and LOïûMITIES,— Mascovîaji stage, Podolskian 
and Myachküvian substages of Moscow Basin, Donets 
Basin, Kashirian? Podolskian substages of Spain. 
Moscovian stage of China, 

SpecieD INrMlDPD. — 7. (7.) podolskiensis Dohro- 
lyubova, 1935i /- (7.) (Fischer, 1830), 

A (7.) DobroLyubova. 1935, 7. (7.) sparsn 

(Fomichev, 1953). 7. (/.) cyitiseptatn (Fomichev, 
1953), /. (A) (Fomichev, 1953), /. (7.) aster 

Fomichev,, 1953,7. (7.) ^pogrcl>uskvi'^m\\c\\<^, 1953, 
7. (7.) Fomichev. 19531 (= Polytheciilts oed- 

dentalîsVo\\^\z\^^^ 1953), /. (7) ifttvrmedia'^w H I in, 
1992, 7 (7) .wW/Z/is Wu ef Lm, 1992. 

DtAGNOSI.S. — Aphroid colony with somc traces of 
walls; major sepea long, but few reachîng columella, 
dilated in tabulariumj minor septa présent or not; 
septa discontinious ili dissepimentarium; axial struc¬ 
ture compact, consists of thickned part of the counter 
septum or chickencd médian plate; sometime axial 
structure is veiy simple; pcriaxial cabellae slightly in- 
clined. Septal microstructure of monotrabecular type 
(Fig. 15E. F). 

Subgentis Ivanovia (Protoivanovia) X. Yu, 1977 

Type species. — Protoivanoma regularhy^. Yu, 1977. 

Species iNGLUDED. — hoHOvia (h'otoivanovia) régu¬ 
larisé. Yu 1977, 7 (P.) ditulaihccaia^M er Lin, 
1992, I. {P.) mayieunensis Wu et Lin, 1992, 
7. (7*.) shanchengzitnsis^'xi tfLin, 1992, 7. (7^.) sban- 
chengziensis pluriseptata Wu et Lin, 1992. 

Ivanovia (Procystophora) Kossovaya n.sg. 

(Fig. 16E. F) 

Type species. — Cyslophora densivesiculosa 
Dobrolyubova 1935, plate VU, figs 3-4. Holotypc: 
collection ofthe Muséum of Palaeontological Institute 
of Russian Academy of Science, Moscow., N140, thin 
sections 188-190. 

Species INCLuüed. — Ivanovia (Procystophora) densi¬ 
vesiculosa (Dobrolyubova, 1935) [= Cystophora densi¬ 
vesiculosa Dobrolyubova, 1935] (Fig. 16E, F), 7. (P.) 


sp. 1 [= 7. freiesleheni (Sruclccnberg, 1888) in 
Dobrolyubova 1935, plate IV, figs 1,2) 

Age and LOCALITIES. — Middie Carboniferous, 
Moscovian stage. Myachkovian substage, right bank 
of Mos'cow River, near Sonino village. 

DiagndsiS-— Cerioid-thamnasterioid colonies with or 
without traces of walls; major septa ratlier long, minor 
septa of inconstant Icnghl présent; axial structure com¬ 
pact, comprising thickened médian plate and some- 
limcs few short kmcllae with few axial labellae arranged 
in cônes: periaxial tabulac sagging, some peripheral cli- 
noiabellac. Microstruciure ol septa-multitrabccular, 

Donastraea n.g. 

(Figs 15R l6GsH, 12C) 

Lomdaleuutniea Fomichev, 1953: 498 (partiy). 
Cystophora - Dobrolyubova 1935: 27 (partly). 

Type species. — Lousdaleiastraea cystiseptata 
Fomichev, 1953. Holotype: CNIGR muséum, colL 
122/5030. (Fomichev 1953, plate XLI. fig. 2) 
(Fig. 16G, H). 

Species tNi liTjed. — Donastraea cystiseptata 
(Fomichev, 1953) \ = Lonsdaleiastraea cystiseptata 
Fomichev, 1953] (Fig. lOG, H). D. yakovlevi 
d'omtchev', 1953) {■ l*oTythecalis yakovlevi Fomichev, 
1933), D. bella (Dobrolyubova ,1935) (^-Cystophora 
Dobrolyubova. 1935] (Fig. 15F). 

Ace and Li>CALITY. — Moscovian stage, 
Myaçhkovtaii subsiagc-the base of the Kasiniovian? 
srage, Donets Basin, jimesrone Ol, to the ea.st t/om 
Rjazantsev village. 

F.TVMOI.OGV. — Dérivation of name from Don River. 

Diacnosis. — Aphroid colonies with axial structure 
from sini|.>lc médian plate to compound structure of 
regular shnpe with iiumerous radial lamella, sometime 
foiiniiig tl)e structure cone-in-conc, inner sériés of 
t.tbellae .sagging. Di.s.sepimentarium wide, coiisi.sting 
of the hori-toncal rows of dîssepiments. Nantie dissepi- 
menis and septal carinae may bc présent. Micro- 
srrucrure of multirrabecular type. 

Genus Benxiphyllumél[v\ etCm, 1992. 

Cystophora Yabe et I layasaka, 1916: 76. - Yabe & 
Sugiyama 1944: 74, pi. 3, figs 1-4. 

Type species. ■— Cystophora manchurica Yabe et 
Hayasaka, 1916: 70; Yabe & Sugiyama 1944: 74, 
pl. 3, figs 1-3. 
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Fig. 13. — a. B, PetalaHîs {P.) vesiculosus {Dobrolyubova), N 32-9-3a/3 CNIGR muséum, Northern Timan, Süla River section, loc. 32, 
bed 9. Sula Formation, Myachkovian substage. (A) transverse section. {B) longitudinal section; C. D. Petalaxis (P.) stylaxis 
(Trautschold), N 32 -9-4a/1 CNIGR muséum, Northern Timan, Sula River section, loc. 32 . bed 9, Sula Formation, Myachkovian sub¬ 
stage, (C) transverse section. (D) longitudinal section: E. Petalaxis (P.) flexuosus (Trautschold), N 5-6-1 CNIGR muséum, Northern 
Timan, Belaya River section, loc. 5 , bed 9. Sula Formation, Myachkovian substage; F, G, Petalaxis (P.) gigas Kossovaya n.sp., 
N 32-9-4a/2. Northern Timan, Sula River section, loc. 32 , bed 9, Sula Formation, Myachkovian substage, (F) transverse section, (G) 
longitudinal section. Scale bar: 0.5 cm. 
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Fig. 14. — a. b, Petalaxis (P.) orboensis (de Grool), N 32-7-3/1 CNIGR muséum. Northern Timan, Sula River section, loc. 32. bed 7, 
Sula Formation. Myachkovian substage. (A) transverse section. (B) longitudinal section; C. D. Petalaxis (P.) gigas Kossovaya n.sp., 
N 20-109a-3/1 CNIGR muséum. Northern Timan, Malaya Pokayama section, loc. 20. bed 109. Sula Formation. Myachkovian substa¬ 
ge. (C) transverse section, (D) longitudinal section; E. Petalaxis (P.) persubtilis Kozyreva. N 31-9-1/4 CNIGR muséum, Northern 
Timan. Sula River section, loc. 31. bed 9, Askynbashskian substage: F. Petalaxis (P.) intermedius (de Groot), N 32-7-3/3, Northern 
Timan. Sula River section, loc. 32. bed 9. Sula Formation. Myachkovian substage. Scale bar: 0.5 cm. 
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Fig. 15. — a, B. Petalaxis (P.) stylaxis (Trautschold), N 32-9-4a/1, Northern Timan. Sula River section, ioc. 32. bed 9. Sula 
Formation, Myachkovian substage. (A) transverse section of coralirte. (B) transverse section of septum (SEM); C. D, Ivanovia 
podolskiensis Dobrolyubova, P-15-1a CNIGR muséum. Moscow région, Podolsk quarry, bed 15, Podolskian substage. (C) transver¬ 
se section of corallite, (D) transverse section of septum; E, Cysîophorastraea moe///(Stuckenberg), N 10/140 muséum PINRAN, 
Moscow. Moscow Basin. Myachkovian substage; F, Procystophora bella (Dobrolybova), N 140 muséum PINRAN, Moscow Basin, 
Myachkovian substage. Scale bars: A, 200 pm; B, D, 20 pm; C, 600 pm; E, F. 140 pm. 
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Fig. 16. — A. B. Petalaxis (P.) primittvum Kossovaya n.sp. CMIGR muséum. Si Peiersburg. N 801-11, Novaya Zemlya. Northern 
Island, Makarov Cape. loc. 801. bed 11, Bashkîrian stage, Askynbashskian substage (collecting ol Dr V. P Matveev). (A) transver¬ 
se section. (B) longiiudinal section: C. D, lvanoviâ{lvanovia) potfo/sAvens/s Dobrolyubova PINRAN, coll, 140, N 106/140, Moscow 
Basin, Myachkovian substage. Schurovo village. (C) transverse section. (D) longitudinal section; E, F. fvanovia {Procystophora) 
densivesiculosa (Dobrolyubova). PINRAN (Dobrolyubova, 1935), coll. 140. N 65/140, holotype. Moscow Basin. Myachkovian sub¬ 
stage. near Sonino village, (E) transverse section, (F) longitudinal section; G, H, Donastraea cystiseptata (Fomichev), CNIGR 
muséum {Fomichev 1953), coll. 5030. holotype N 436/503. Donets Basin, limestone 01, to east from Rjazantsev village, (G) trans¬ 
verse section. (H) longitudinal section. Scale bar: 1 cm. 
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Species iNc:i.UDHi>. — Bcnxiphyllum rruinchurica 
(Yabe f/Hayasaka, I9!6); B. biicillifomie^w Lin, 
1992; B. temcolumnaritm^M f^Lin. 1992; B. brachy- 
septatiim Wu et Lin, 1992; B. elliptmim Wii et Lin, 
1992. 

Age. — The upper part ûf the Late Carboniferous 
(Moscovian stage). 

Dugnosis. — Corallum compound, cystosc-aphroid, 
Wall occasionally appeared. Sepla of iwo order, di.s- 
tinctly thickened, wirh large almond-shape columella 
(Amygdalophylloid) in transverse section, in which 
there is a texture of middle and radial lines. Tabulac 
inclined towards the inner, latéral tabellae developed. 


PHYLOGENY 

Evolution of Petalaxidae could be subdivided 
into main phases within the uppermost lower 
Bashkirian to the end of the Moscovian. The 
appearance of the first représentatives oi Petalaxis 
seems to be the result ol colonization of nume- 
rous niches in stabilized environments. The siep- 
wise increase in divetsity was interrupeed by the 
unfavorablc conditions at chc end of Bashkirian 
in which only a fcw specics survived in the 
basins. 

Lhe beginning of ihe radiation phase of 
Petalaxidae family coinsldes vvith the maximum 
diversity level of the other groups of rugosc 
corals (Kossovaya 1996). The .structural changes 
of massive Petalaxidae have rcsulted in the 
increase in ihe degree of intégration (Fig. 6). 
Microstructural changes arc displaied by graduai 
change in ihe type uf microstructure, from 
monotrabccular (typical for most spccies of 
Pet/rbvei^ rn mennsranr mulritrabecular [charac- 
teristic for Donasti'aea (Figs 1IC, 15F)] and gra¬ 
duai stabilization of the multitrabecular structure 
in Donastraea, 

Phylcric évolution has resulted in the following 
skeletal expression in Pctalaxis-hanovia 
{Ivanovifi) lineage: (1) simplification of the inner 
structure of the earliesî species with locally inrer- 
rupted Wall; (2) increase in the width of the dis- 
sepimentarium as a connecting structure beeween 
corallites. 

Fhe graduai change is characteristical for change 
in the type of colony from cerioid-aphroid to 


thamna.sterioid in the Ivariovia {Ivayiovîa) - 
ÎViimvia {Procystaphord) lineage. The complet- 
ness of inner structure and stabilization of 
multitrabecular structure seems to be the main 
évolution tendency in the Ivanovia {Ivanovia)- 
Domstraea lineage. 

CONCLUSIONS 

The évolution history of Petalaxidae fjom the 
originacion of cciioid Petnlaxis uylaxis Wm\\ 
simple innet structures (F'g- followed by 
rather rapid expansion and morphologkai diver¬ 
sification both in Petnlnxis and related groups 
resiilcing in morphoiogical innovation, could be 
subdivided into nvo phases, 

The first phase, rccovcry of long duration, is cha- 
racterized by stabilization of scvcral PeiuLixis 
lincages, shown herc as morphogenctic groups. 
Stabilization of minor septa occured within diffe- 
renc groups of Petalaxü after a short period of 
ccological dépréssion at the beginning of the 
Moscovian. Then, the floiirish of Petalaxidae was 
escalïli.shed within the Podolskian-Myachkoviaii 
interval (Fig. 6). Tlie second phase of adaptive 
radiation with increase both in the generic and 
spécifie diversity is characterized by morpho¬ 
iogical innovation expressed in the increase in 
degree of the intégration in colonies. After the 
originarion of aphroid Ivdimna (hamfvia) with 
simple axial structure a few crends are displaied 
with the appearance of thamna.sterioid type of 
otÀoixy Ivanovia iProcysTophom) n.sg. and aphroid 
colonies with gradually complicated axial .struc¬ 
tures (Donastraea n.g.). 

The paleogeographical rcalm of the Pnalaxis spe¬ 
cics are very wide; it embraccs aJl the margin 
shelf of Techyan paleoocean, including both che 
Peri-tethyan basins surrounding the Euro- 
american paleocontinent and niimerous epiconti- 
nental basin of castern part of Tethyan. Specics 
of Ivanovia lineage have a more narrow realm, 
They were widespread both in eastern and Sou¬ 
thern margin shelf basins of Euroamerican 
palaeocoiuinent and east-norchern margin basins 
of Tethyan océan. At the same rime représenta¬ 
tives with mosc complété axial structure of 
Donastraea and Benxiphyllum lineages occur in 
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the Southern margiii basins of Angarian and 
Euroamerican palcocontinents. 

It seems possible to cousidcr Lytvophyllum 
Dobrolvubova, 1941 as an ancestor of thc 
Petalaxidae bccause ol the siniilarity of thc bud- 
ding of the earlîest Petaluxis (7? styUixis group). 
Mature stages of fasdculare Lyivopbyllion spccics 
characteri/.ed by vcry high variabiliry are widc- 
spread in the recover)’^ assemblage after thc Mid- 
Carboniferous evcnt (Kr>ssovaya 1996). 

Addendum. — After chc drawing up ol this 
article, an important work on Petalaxidae family 
was publishcd by Bamber &: Eedorovvski (1998), 
Unforlunatly, thc material from ihat publication 
are not taken in account in the présent paper. 
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RÉSUMÉ 

Des corrélations strarigraphiques sont proposées à partir de données inicro- 
paléontoltïgk|ues (fusulincs), de données geophysiques (sismique réflexion et 
diagraphies) er de données sédimentologiques. La bordure est du Bassin pré- 
caspien est constimée au Carbonifère d une plate-Forme carbonatée et d\m 
bassin à turbidites entrecoupé d'un horst h l'ouest et .ni Permien inférieur 
d’un bassin à turbidites entrecoupé d un horst. Le Bassin préoujulicn situé 
plus A Lest est le lieu d’une sédimentation turbidiciqiie pendant le 
Carbonifère et le Permien inférieur. L'n déplacement des dépôts-centres du 
Bassin préouralien vers le Ba.ssin précaspien est observé du Carbonifère au 
Permien en même temps que les nappes se déplacent vers l'ouest. 
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ABSTRACT 

The eastern border of the Precaspian Basin and the foreland lirai Basin 
(Kazakhstan) ditring the Carhoniferons and lower Permian. Stratigraphie corre- 
lation^ are proposed after micropaleoncology (fusulinids), sismic reflexions, 
well-logging and sedimencolug)'. 1 lie eastern border of the Precaspian Basin 
exhibits during the Carboniferous, an eastern carbonated plarforrn and a 
western turbiditic basin interrupted by a horst and> during the lower 
Permian a turbiditic b.tsin interrupted by a horst.. The Preuralian Basin loc.-J- 
red eastwards shows a turbiditic ba^in during the Carboniferous and the 
lower Permian. A shifang of the dcpoceruers is observed from the Preuralian 
Basin to the Precaspian Basin between the Carboniferous and the lower 
Permian during the western progrc.ss of the nappe structures. 


INTRODUCTION 

La région étudiée est située au sud d’Aktubinsk 
(Figs 1, 2) sur la bordure oiicnrale du bassin pré- 
caspien dans l,a région pélroliRre de Janajol. Ce 
bassin montre au C.arbonilerc une déprcs.sion 
centrale entourée de platc-formes carbonatées 
riches en pétrole et en gaz à Karachaganak au 
nord, Astrakhan cl Fengiz au sud et Janajol à 1 est. 
Elle présente de l'est vers Touest (Fig. 3) : la 
nappe de rOural, le bassin d*avant-pays ouralien 
formé des nappes de Sakmare et de Zilair, et de 
Fautochrone ou sillon préouralien et la bordure 
est du Bassin précaspicn (Yanchin 1962 ; 
Garetskyi et ai 1963 î Abdulin 1973 ; Milnitshuk 
et ai 1988 î Joltaev 1990). La nappe de FOural 
présente des ophiolites du Paléozoïque inférieur et 
moyen. La nappe de Sakmare montte de.s roches 
volcaniques et .sédi mental tes détritiques ou cal¬ 
caires du Cambrien à l’Assélien ; la nappe de 
Zilair des roches détritiques du Dévonien supé¬ 


rieur et Carbonifère inférieur ; l’autochtone pré¬ 
ouralien des roches sédimentaires détritiques tur- 
biditiques ou calcaires du Moscovien pp au 
Sakmarien. La bordure est du Bassin précaspicn 
(Fig. 1) est composée de deux parties du 
Dévonien moyen au Carbonifère supérieur : une 
plate-forme marine à l’esr et un bassin entrecoupé 
d'un horst à l’ouest. La plate-forme marine 
montre sur un socle précambrien des roches sédi- 
mentaircs calcaires ou détritiques'. Le bassin pré¬ 
sente des turbidites sur la pente et des argüites 
dans le bassin. A partir de TAssélieii et jusqu'à la 
fin de rArtinskicn, toute la bordure du Bassin 
précaspicn esc occupée par les turbidites aur la 
pente et les argilites dans le bassin, puis au 
Kungunen, par les évaporires. Cette publication 
concerne essentiellemenr la bordure orientale du 
Bassin précaspicn et apporte des arguments sédi- 
mentologiqucs, .strarigraphiques et tectoniques 
quant à l’existence de faciès de bassin dès le 
Carbonifère dans la région centrale de ce bassin. 
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Précaspien et Cis-Oural (Kazakhstan) au Carbonifère-Permien inférieur 



Fig. 1 — Carte du Bassin précaspien montrant la paléogéographie au Carbonifère. La région étudiée (Fig. 2) est représentée par un 
rectangle et la coupe de la figure 8 par un trait épais. 


STRATIGIUPHIE 

La bordurk est du Bassin precaspihn 
Cette bordure a été étudiée récemment par 
Jokaev (J989, 1992) et Enscpbaev (1990, 1993). 
La région de Janajol a été choisie pour représen¬ 
ter la plare-lormc carbonatéc du Dévonien et du 
Carbonifère se transloimanc en bassin turbidi- 
tique au Permien inferieur (Higs 4-6). L'ics crudes 
lithologique.s, micropalcontologiqucs et strarigra- 
phiques y ont été faites par Kbvorova (1961), 
BouJckbaev et iti (1967)i Scherbovirsh (1969), 
Kukhrinov et nL (1981), Akhmetebina et al. 
(1982, 1984), Kukhrinov (1983), Ghibchnian 
(1988). Des groupes lithologiques composes de 
formations locales y ont été définis en ucilisant la 
nomenclature stratigraphique internationale 
(Salvador 1994). Ces groupes ont pu être suivis 


sur les profils géophysiques (Fig, 6). Les bio/.ones 
de fu-suiines er de conodontes définies d.ins 
rOural russe (Kagarmanov & Donakova 1990) 
ne sont pas toutes reconnues au Kazakhstan. 
Seules quelques espèces ont pu être observées 
(Fig. 5). Les étages ont été définis par comparai¬ 
son avccPOural russe (Sinytsin et al. 1975J- 
La bordure est du Bassin précaspien peut être 
subdivisée en une plate-forme sur laquelle ont été 
définis six groupes lithostracigraphiques du 
Dévonien à la base du Kungurien et en un ba.vsm 
où quatre groupes lithostrarigraphiques existent 
(Fig. 4). 

La plate-fonne montre partout les memes unités 
lirhologiques à épaisseur grande à Alibck à l’est, 
moyenne Janajol au centre et faible à Kojassai 
PI à l’ouest (Figs 4, 6). Ce secteur montre le 
groupe carbonaté (D2-D3) du Dévonien moyen 
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Fig. 2. — Carte de l’est du Bassin précaspien et du Bassin préouraiien (Kazakhstan) avec situation des forages et des failles. Le trait 
épais représente le Irait de la coupe (Figs 3, 5). 
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Précaspien et Cis-Oural (Kazakhstan) au Carbonifère-Permien inférieur 



Fig. 3. — Carte paleogeographique de la partie est du Bassin precaspien et du Bassin preouralien au Carbonifère supérieur. Les 
courbes Isopaques représentent l’épaisseur du Carbonifère supérieur (Moscovien, Kasimovien et Gzhélien). 
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Fig. 4. — Corrélations des forages de l’est du Bassin précaspien GTP. groupe terrigéne de plate-forn)© . GTB. groupe terrigène de 
bassin ; GC, groupe carbonate de plate-forme ; □. Dévonien moyen et supérieur ; Civt Tournaisien-Vîséen , Cis. SerpuKhovien ; 
C2b, Bashkirien ; C2m. Moscûvien. C3k. Kasimovien . C3g. Gzhéllen , Pla, Assèlien , Pisa, Sakmarien , Plar, Artinskien 


(Givéticnj et supcricur (Frasnicn)> le groupe ter¬ 
rigène du Tournaisieiit Viséen inferieur et moyen 
(GTB-111)^ le groupe carbonaré (GC-II) du 
Viséen supérieur, Serpukhovien, Bashkirien et 
Moscovien (Vércien, Kashirien), le groupe détri¬ 
tique intermédiaire (GTP-IT) d’âge podolskien 
inférieur^ le groupe carbonaré (GC-l) d’âges 
podolskien supérieur, myachkovicn, kasimovien 
et gzhélien, le groupe détritique {G fB-l) à turbi- 
dices gréseuses et silteuses, et argilites d âges assé- 
lien, sakmarien et artinskien, le groupe évapo- 
ritique du Kungtirien Les étages proposés ci- 
dessus ont éré définis par l’analyse biostracigra- 
phique. Les descriprions qui suivent ont été réali¬ 
sées par Vacivard. A Janajol 45G (NE Janajol, 
3716-3"44 m), un calcaire gramstone a été date 
du Bashkirien inferieur par PscudosMjffeila ex gr. 
ayitiquü, SewisUlffiflLt ex gr. ihirhibilis. A Uriktau 
IG (2855-2862 m), un calcaire grainstone a été 
daté du Moscovien supérieur par Fusulinella 


pseudôbockh Fusiella lypicu. Oznwmnella mos- 
qticmis, Syzravia bellas Schubryte/lacK gr. obscura. 
A Uriktau 2G (S L^riktau IG, 3367-3390 m), un 
calcaire grainstone a été daté du Moscovien supé¬ 
rieur par Fnsifliuella bocku Schubvrtella sp., 
Pwfiisuhnella sp. Les études antcrieure.s ont mis 
en évidence les biozones à Alonhpanis tnontiparus 
et Iriticim timicus A\x Kasimovien, les biozones à 
Triticites stukeribergi, Jigiilites jigtilensù, Daixina 
sokemis du Gzhélien, les biozones a Sphijerosh- 
wagerina fitsiforrniu Spbaeroschivngerina moelleri 
de l'Assélien, â Schwagerina moelleri du 
Sakmarien. 

Il n’exkte pa.s de datation .sur des lo.ssiles autoch¬ 
tones dan.s le bassin, seuls les bioclastes remaniés 
par les coulées de débris et les turbidites ont pu 
être datés. Ces datations réalisées par Vachard 
.seront signalées dans la partie sédivneutologique. 
La corrélation a été réalisée en suivant les réflec¬ 
teurs géophysiques et les données de forage à 
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F»g. 5. — Stratigraphie du Carbonifère supérieur et du Permien intérieur de Test du Bassin précaspien. 


Loktybai 34 (près de Loktybai 14), Akjar 5, 
Akjar-Kenkyiak 62? et Karatubc 4l. La sismo- 
graphie permet de définir un groupe d'àge dévo¬ 
nien (D), un groupe turblditique (CTB-III) 
d’âge carbonifère inférieur, un groupe turbidi- 
tique calcaire (GTB-Il) allant du Viséen supé¬ 
rieur au t'izhëlien, un groupe lurbiditique 
(GTB-I) d’âges assélien, sakmarien et artinskicn, 
un groupe evaporitique d’âge kungurien. 

Le bassin o'avan i-pays de i'Oukai. 

Ce bassin comprend un domaine autochtone 
appelé sillon préouralien et un domaine allochto- 
ne constitué de deux nappes, les nappes de Zilair 


et de Sakmarc. Les limites de ces deux nappes 
(Figs 3, 7) étant les limites tectoniques actuelles, 
le domaine de sédimenration au Carbonifère et 
Permien correspondant à ces deux nappes était 
plus large que celui indiqué sur ces cartes et 
s’étendait plus vers l’est. Le sillon préouralien 
présente au nord â Aidailarash (Khvorova 1961 ; 
Dav)'dov et al. 1993. 1997) et au sud à Kokpekry 
(Garctskyi 1962 ; Caretskyi ei al 1963) des tur¬ 
bidites du Moscovien pp à l'Assélien. La nappe 
de Zilair montre des roches détritiques du 
Dévonien supérieur et du Carbonifcrc inférieur. 
La nappe de Sakmare présente des roches détri¬ 
tiques et volcaniques du Cambrien au 
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Fig. 6. — Coupe de la partie est du Bassin précaspien d'après les forages et profils sismiques. GTP. groupe terrigène de plate¬ 
forme : GTB, groupe terrigène de bassin : GC. groupe carbonaié de plate-forme . D2, Dévonien moyen , D3, Dévonien supérieur ; 
P1 A, Assélien ; P1SA, Sakmarien ; PI AR. Artinskien : KU, Kungunen à Quaternaire, Réflecteurs sismiques : <P, base de ta couver¬ 
ture paléozoïque ; n3, base du Dévonien supérieur D3 ; n2-T. base du Carbonifère inférieur ; tî2-1. base du Viséen supérieur ; 
m. base du Kungurien. 


Tournaisien et dans le synclinal Bakai des roches Carbonifère et les îsopaques du Moscovien au 
détritiques et calcaires du Viscen, Serpukhovien, Gzhélien. L'épaisseur des dépôts est grande 
Moscovien discordantes sut le Serpukhovien, des (1000 m) dans le secteur de janajo! a Test et 
roches détritiques et calcaires du Kasimovien et diminue vers l’ouest vers la bordure faÜléc de la 
Gzhélien, des roches détritiques de l’Assélien. plate-lormc. Au nord-ouest de la platc-fonne de 

Janajol, une autre plate-forme existait au niveau 
de Tefnif (Fig. 3), mais a été érodée avant 
SÉDIMEN’I OLOGIE ET rAssélicn comme les place-formes de Teaguist et 

PALÉOGÉOGRAPHIE Astrakhan au sud du bas.sin prccaspiai (Fig. 1). 

Le Dévonien (D2-D3) présente des calcaires à 
Méthodologie Stromatopomides (wackcsionc et rudstone) au 

Les carottes de dix forages ont été échantillon- forage Kumsay4P, formés en bordure de récif. Le 
nées, deux cent cinquante lames minces ont été Carbonifère inférieur (G EB-lll) ha pas pu être 
étudiées. Lors de la mission de 1096, les faciès échantillonne sur la placc-formc. Le Viseen supé- 
ont été levés en continu sur les carottes des rieur (GG-Il) montre des calcaires (packstone à 
forages de Lokcyhai 34 (près de LoktybaL 14), foraminiforcs et algues) a Kojassai IP déposés sur 
Janajol 72 (secteur Janajol), Sinelnikovsk 2, la plate-iorme inierne et des faciès récifaux à 
Kojassai 51 et Alibek 4 ainsi que sur la coupe Ko)a.s.sai 3P (NE Kojas.sai IP). Le ScfpukJiovicn 
d’Aidalarash. Les faciès et cnvironricmenis utili- (GCll) présente à Janajol ci Lakkargan 32P des 
ses pour les carbonates sont ceux de Wilson calcaires de rype packstone à foraininifères, 
(1975). Les faciès turbiditiques ont été classés algues, crinoïdes, pellets et de rype grainstone à 
selon les séquences de Bouma ( 1962). pellets, inrtaclasres, loraminifères déposés en 

plate-forme inrerne et à Sinelnikovskaia, Kojassai 
La plate-forme est du Bassin Pilécaspien 3R Janaran 11 des facitvs récifaux (boundscone à 

AU Dévonien et Carbonifère Spongiostromides). Le Bashkirien inférieur (GC- 

La carte (Fig. 3) représente la paléogéographie au II) est constitué à Alibek, Janajol, Sinelnikovskaia, 
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Fig. 7. — Carte paléogéographique de la partie est du Bassin précaspien et du Bassin preouralien au Permien inferieur. Les courbes 
isopaques représentent l'épaisseur du Permien inférieur (Assélien, Sakmarien, Artinskien). 
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Fig. 8. — Coupe (A) el modèle géodynamique (B) des Bassins précaspien et préouralien. à partir des profils sismiques, modifiés 
d'après Joltaev (1989). a, croûte continentale . b, croûte océanique ; c, sédiments du Bassin précaspien . d, sédiments du Bassin 
préouralien S, dôme de sel : MZ. Mésozoïque ; CZ, Cénozoique. Complexes stratigraphiques ; 1. (inférieur Paléozoïque inférieur) : 
2, moyen (dont 2A. Dévonien à Toumaisien et 2B, VIséen à Artinskien) ; 3. supérieur (dont 3A. Kungurien à Trias et 3B, Jurassique 
à Quaternaire). 


Kumsay des calcaires de r)^pe paclcstone à algues 
et foraniinifèrcs déposes sur la plate-forme interne, 
grainstone a oolithes déposes sur la barrière. 
Janajol 45G (NÉ Janajol 3) montre des faciès 
récifauXt Le B.xshlvirien supérieur est absent, alors 
qu il est présent plus au nord en Russie (Sinytsin 
et al. 1975). Le Moscovien inferieur (GC-II) pré¬ 
sente à Janajol. AJibek et Sineloikov des calcaires 
de type packstone à algues, foraminiferes et pel- 
lets, grainstone à ooliches et tusulines déposés en 
plate-forme iiuerne et barrière. Kojassai montre 
des faciàs récilaux de type boundstone à srioma- 
topores. Du Serpukhovien au Moscovien, on 
observe une migration de Ja barrière et du récif 
vers Test. Le groupe détritique (GTP-II) présente 
des grès, sllrites, des alternances de siltife à 
mamelons et argilive, observés à AJibek 4 et 
Janajol 72 (secteur JaiiajoOt interprétés comme 
des dépôts de tempête sur une plate-forme ex¬ 
terne. Des calcaires de type mudstone, waeke- 
stone à forâminifères, algues y sont intercalés a 
Janajol Kojâs.sai et de type boundstone à algues à 
Jagaboulak 2G. Le Moscovien supérieur (GC-1) 
montre à Janajol des câlcaircs de type wackesione 
à pellets, à Kojassai de type mierke à matière 
organique et quartz, â AJibek de type grainstone 
à oolithes, fusulines et pellets, déposés en plate¬ 
forme interne et barrière. Le Kasimovien (GC-I) 


esc formé à Alibek de calcaires de type waeke- 
stone à foraminifères, à Sinelnikovskoia de type 
grainstone oolichiqucs à Janajol de type waeke- 
stone à radiolaires et spiculés, déposés respective¬ 
ment en plate-forme interne, barrière et 
plate-forme externe. Le Gzhélicn (GC-i) présen¬ 
te à Alibek et Janajol des calcaires de rj'pc wae- 
kestone à fiisulines et pellets, de type packstone à 
pellets. algues, fusulines, déposés en plate-forme 
interne. 

Les faciès carbonates permettent de icconsCitucr 
la plate-forme carbonatéc de Janajol : waekestone 
et packstone à algues, petits loraminifcres el 
lusulines sur la plate-forme interne, grainstone à 
oolithes sur la barrière, boundstone à algues, 
stromatoporcs sur le récif, waekestone à radio¬ 
laires et spiculés sur la plate-forme externe. Li 
répartition bathymétrique des animaux et végé¬ 
taux c.st conforme à la plate-forhtc russe 
(Chuvashov 1983). La position de la barrière ou 
du récif a varié pendant toute U durée de vie de 
cette plate-forme. Etant donné la présence d’un 
bassin à l'ouest et à l'est de cette plate-forme, on 
pourrait s’attendre à trouver une barrière ou un 
récif en bordure de celle-ci comme plus au nord 
en Russie en bordure de la place-formc russe 
(Chuvashov 1983j. 
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Précaspien et Cis-Oural (Kazakhstan) au Carbonifère-Permien inférieur 


La pente est du bassin Préc:a.spien 
AU CarbonieRrk 

Dans ce secteur, des problèmes de datation sub¬ 
sistent et d’après Joltaev (1989), étant donné la 
faible épaisseur par rapport à la plate-forme de 
Janajol, une plate-forme carbonaréc d’âge dévo¬ 
nien à carbonifère aurait pu y être érodée entre le 
Carbonifère supérieur et le Permien. Mais, l’ana¬ 
lyse sédimcntologiquc apporte des arguments 
nouveaux quant a l'cxistcnte de faciès bassin 
dans ce secteur. Lu pente de ce bassin commence¬ 
rait à la faille située â Test dé Loktybui 14 (Fig. 3) 
et le bassin s’étendrait vers l'ouest en direction de 
Akjar, Kursai, ruskuni avec une épaisseur faible 
(100m). D’après la géophysique, ce bassin est 
entrecoupé d’un horst (Fig.l). Le Dévonien (D) 
est présent et mal daté. À Loktybai M cr Janatan. 
le Viséen inferieur et moyen (GTB-Ul) montre 
des alternances' de turbidites gréseuses (grauwae- 
ke, sublitharénite, subarkuse) et d’argilltes ; le 
Viséen supérieur (Cil’B-ll) des calcaires de type 
waekestone à .sjncules et radiolaires; le 
Serpukhovien (G'I'B-ll) des argilites, des calcaires 
de type waekestone à spiculés ; le Bashkiricn 
(G'rB-11) des calcaia's de type waekestone à fora- 
miniferes, crinoides et radiolaires ; le Moscovien 
(GTB-Il) des brèches de pente à galets de calcaire 
d’âge bashkirien ei kashirien, des argilites à 
galets, des calcaires de Dq'ie mudscone à matières 
organiques â Loktybai, des calcaires de type 
grainstone et packstone passant à des mudstoiies 
granoclas'sés correspoiidaru à des calciturbidites*, 
de type mudstonc i\ radiolaires a Janatan. Le 
Moscovien (Myachkovicn) présente à Kojassai 11* 
(Fig, 4) des conglomérats, brèches à éléments cal¬ 
caires, argilites et calcaires binimineux (C'FB-II) 
reposant sur les calcairc.s de plaie-lorme du 
Moscovien (GC-II). Gc secteur montre donc soit 
des faciès de pente (débrites et rurhidites), soit 
des faciès de bassin (argilite ou calcaire a radio¬ 
laires ou spiculcs) de faible épaisseur. Les faciès 
les plus gro.ssicr.s sont situés à proximité de la 
faille bordière. Les turbidite.s s'installent sur la 
plate-forme carbonatéc n Kojassai dès le 
Moscovien supérieur. Au nord de la faille de 
Alibck, la plate-forme de Janajol s'arrére pour 
passer au bassin à turbidites d'Ostaiisuk (forage 
Kokteubc 35P), qui passe vers le nord au bassin 
d’Aktubinsk et vers l’est au sillon préouralien. 


L \ PHN'EH EST DU BASSIN PRËCASPIEN 

AU Permien 

La carte paléogéographique du Permien inférieur 
(Fig. 7) nous montre les isopaches pour 
rA.ssclien, le Sakmarien et l’Artinskicn. Les fiiciès 
de pence ei de bassin s’observent aussi bien sur la 
plate-forme carbonaiée que sur la pente et le bas¬ 
sin d’âge carbonifère. Seules les zones de Ibrtkol 
cr Alibck montrent des (acics de plate-forme. 
Lépaisseur est grande vers l’est à Janajol (660 m) 
et Koktcube (IIÜO m) et vers l'ouest (900 m). 
File est laible entre la faille de LukT)'bai 14 et la 
faille de Janajol 3, à l'est vers AJibek. L’épaisseur 
diminue vers le centre du bassin. 

L’Assélicn montre des turbidites grcso-argilcuses 
avec des grès de type grauwacke et litliarcnite et 
des argilites â Loktybai 14, Mortuk, Bachenkol, 
Koktcube, des argilites et des miciitcs â radio¬ 
laires a Akjar-Kenkiyak, Kounisai, Alckouduk, 
Lakkargan. Des séquences tucbidltiqucs de type 
tabc, rbc, ide (Bouma 1962) ont été observées 
sur les carottes de Loktybai 34 (près de 
Loktybai 14). 

Le Sakmanen présente des brèches à cléments 
calcaires provenant de la plate-forme carbonatée 
d’âge carbonifère (Viséen à Moscovien), des tur¬ 
bidites giéso-argileuses et sillo-argileuscs à 
séquences tede, rde â Loktybai 34, des brèches à 
éléments calcaires d’âge carbonifère (Viséen à 
Moscovien) à Koumsai, Karnak, des turbidites 
gréseuses (litharénitc, grauwâcke) â Mortuk, 
Kuum.sai, Kokteiibe. I.akkargan. 

L^Arcinskien montre des grès (litharénitc), des 
brèches â éléments calcaire.s d’âge carbonifère 
(Viséen à Moscovien) à Akjar-Kenkiyak, des 
micrites à matières organiques et quartz 
(Bachenk(jl), des argilites â radiolaires et des tur¬ 
bidites silto-argileuses à séquences rede, tde à 
Loktybaii Akkouduk, Koktcube, Karatubc. Une 
zone de non-dépôt est connue entre la faille à 
l’est de Loktybai 14 et Janajol 3. 

Des fîciè.s de pente sonr donc connus â I esr avec 
les faciès les plus grossiers à pniximiré des failles 
cr les facic.s de bassin â l'rmest vers Akjar- 
Kcnkiyak et au nord vers Koktcube, Akkouduk 
et Kumsay. Mais, nous ne connaissons Pexten- 
sion de ces faciès de bassin vers Fouest que pat les 
profils sismiques (Joltaev 1989 ; Fig. 8), étant 
donné leur faible épaisseur, l’épaisseur considé- 


GEODIVERSITAS • 1998 • 20(4) 


697 



Ensepbaev T., Izart A., Cathelineau M., Joltaev G., Vachard D. & Boulekbaev Z. 


râble des cvaporites du Kungurlen, la présence 
du Mésozoïque et du Ccnozoïquc au centre du 
Bassin précaspien. Ce bassin, compartimenté en 
grabens et en horsts (Joltaev 1989, fig. 1), pré¬ 
sente une croûte continentale et trois complexes 
srracigrapbiques (Fig. 8) ; T attribué au Paléo¬ 
zoïque inférieur présent uniquement au centre 
du bassin, U dage pâlco/oïque moyen et supé¬ 
rieur présent parioui. II! du Kungurien au 
Quaternaire présent partout. 

Le b.\ssin d’avani-I’ays de i’Ouiml (Figs 3, 7) 
D’après Garetskyi t^t ai. (1963), les forages de la 
région de Kokpekty situés au sud du sillon pré- 
ouralien montrent des turbidites calcaires et 
gréso-argileuses pendant le Kasimovien et le 
Gzhélien, des turbidire.s et des congloméracs à 
galets de calcaire d'âge vLseen à moscovicn pen¬ 
dant l'Assclien inferieur et moyen, des conglomé¬ 
rats, grès, calcaires, dolomies et évaporites de 
l’Assélien supérieur au sommer du Sakmarien. 
Les conglomérats sont plus fréquents et épais vers 
l'est. Dans ce secteur, la bathymétrie du sillon 
préouralien diminue à partir du sommer de 
PAssélien. Nous avons pu observer la coupe 
d’Aidalarash appartenant au nord du sillon pré¬ 
ouralien, Le Carbonifère supérieur (Moscovien et 
Kasimovien) montre des turbidites gréso-argi- 
leuses à séquences tab pré.sentant des Hute-casts 
et des rnicrobrèches. Le Gzhclicn, lAssélicn et le 
Sakmarien montrent des alternances de micro- 
conglomérats â galets de quartzite, calcaite, 
lamellibranches, fusulines, de grès quartzeux ou 
de calcaire gréseux à nombreux bioclastcs de 
fusulines, lamellibranches, de siltite et d’argilire. 
Les microcongloméracs sont ravinants, les grès 
présenrenr des granocJasseinents, des litages 
parallèles, des litages obliques plans et des rides 
de courant. Des séquences métriques à déca- 
métriques strato- et gtano-déctoissances sont 
observées avec à la base de.s microcongloméracs, 
puis des grès granoclassés, de.s grès ù litage paral¬ 
lèle, des grès à litage oblique et à rides, des silütes 
et des argtlitcs. C'est un mélange de dépôts de 
coulées de débris, de courant de curbidité grossier 
et de courant de rrateions de suspension silro- 
argileuse, qui se dépose sur la pente d'un fan 
delta sur la plate-forme ou la pente d’un bassin 
(Ethridge & Westcott 1984 ; Surlyk 1984 ; 


Klcin.spehn et al 1984). Ces séquences strato- et 
grano-dccroissantes s’expliquent par une aug¬ 
mentation de la bathymétrie par subsidence ou 
eustatisme du bas vers le haut de la séquence. Ce 
mélange d’clcmcnts minéraux provenant de 
rOural en surrection et des fossiles vivant sur la 
plate-forme produit des roches intermédiaires 
entre les roches détritiques et calcaires. Ces 
roches gréso-carbonatées sont très riches en fosu- 
lines. conodontes er les argilîtes contiennent des 
goniatites. Ce bassin présente donc au 
Carbonifère supérieur et au Permien inférieur des 
dépôts rurbiditiques comme dans le sillon préou¬ 
ralien que l’on trouve plus au nord en Russie 
(Chuvashov & Nairn 1993). Les faciès du 
Permien s'Ont plus grossiers, et phts proximaux 
par rapport à TOural. Snyder & (ïallegos (1997) 
ont décrit à Aidalatasli neuf séquences de 
rAsséiien à la base du Kungurien. Au Carbo¬ 
nifère, il n'y a pas de relation entre les turbidites 
du bassin préouralien et du bassin précaspien, 
puisque la plate-forme carbonarée de Janajot les 
sépare. Nc.inmoins, les éléments détritiques du 
groupe GTP-ll sont à mettre en relation avec 
une activité tectonique ouralienne, Au Permien, 
l’avancée des nappes de l’Oural vers foiiest ali¬ 
mente en éléments détritiques les turbidites 
proximales du bassin préouralien qui alimentent 
à leur tour les turbidites du bassin précaspien. La 
présence d'Assclicn daits la nappe Sakmaxe et de 
Sakmarien dans le sillon préouralien montrent 
que la mise en place des nappes est post- 
Sakmarien. 


7'ECTONIQUE 

Du Cambrien au Viséen existait à l'est du secteur 
étudié l’océan Ouralien. Le bord est du Bassin 
précaspien était la marge passive continentale de 
cet océan (Joltaev 1990, 1992). La collision entre 
la plaque de l’esc de l’Europe et la plaque du 
Kazakhstan au Permien inférieur a plissé l Oural 
et son avant-pays. Le domaine océanique oura¬ 
lien et la plaque de l'est de l'Europe se sont 
ensuite enfouis sous la plaque du Kaz^ddiscan par 
subduction, ce qui provoqua la mise en place de 
nappes de charriage, le chevauchement du sillon 
préouralien sur le bassin précaspien et les failles 
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inverses de la bordure esc du Bassin précaspien 
(Figs 6, 8). Mais certaines de ces foilles exisraiem 
déjà pendant la sédimeiuarion et étaient alors des 
failles normales qui limitaient des zones paléo- 
géographiques différentes à faciès différents et 
épaisseurs différentes, comme le montrent les 
cartes du Carbonifère et du Permien inférieur 
(Figs 3, 7). La huile à l’est de Lokiybai 14 sépare 
le bassin de la plate-forme au Carbonifère. La 
zone entre cette feille et la taille de Kojassai IP 
est une zone de place-forme à épaisseur faible, 
qui alimente par glissement le bassin. D’autres 
failles figurées sur ces cartes sont certainement 
tardives. Plus à l'ouest, d’autres failles décou¬ 
paient le Bassin précaspien en horsts et grabens 
(Joltaev 1989 ; Fig. 8). 

CONCLUSION 

Des données nouvelles sont apportées sur la stra¬ 
tigraphie er la sédimentologiè de la bordure est 
du Bassin précaspien. II y est prouvé que des 
faciès de pente existaient bien au Carbonitcrc et 
que des faciès de pente progradaicnc sur la plate¬ 
forme carbonarée d’âge carbonifère pendant le 
Permien inférieur. Les premiers sont alimentés 
par la platc-formc carbonatée sous forme de calci- 
curbidites ou de brèches. Les seconds sont ali¬ 
mentés par la surrccrion de FOural au Permien 
inférieur. On ob.scrve un déplacement des 
dépôts-centres du Bassin prcouralien vers le 
Bassin précaspien du Carbonitcrc au Permien en 
même temp.s que les nappe.s .se déplacent vers 
Fouest. Cetre évolution est à rapporter à la colli¬ 
sion entre la plaque de Fe.st de FFurope et la 
plaque du Kazakhstan au Permien inférieur ayant 
plissé l'Oural et son avanc-pays. Le domaine 
océanique ouralicn et la plaque de l'est de 
l'Europe .SC sont ensuite enfouis sous la plaque du 
Kazakhstan par subduenon, ce qui provoqua la 
mise en place de nappes de charriage, le chevau¬ 
chement du Sillon préouralien sur le Bassin pré¬ 
caspien et les failles inverses de la bordure est du 
Bassin précaspien. 
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ABSTRACT 

The Permo-Carboniferous succession in the Gulf of Suez région is subdivi- 
ded into: the Abu Thora Formation (Late Visean-Early Westphalian), the 
Abu Durba Formation (Middle Westphalian), and the /vheimtr Formation 
(Late Westphalian/Srcphanian-Early Permian), The Abu Thora and Abu 
Durba formations of Sinai arc cocval with the Abu Da-ag Formation in the 
Northern Galala. The Aheimer Formarion corresponds to the Ataqa 
Formation in the subsurface of the Gulf of Suez. These clasric-dominated 
deposits reflect shallow subridai, prograding shoreline and fluviadle condi¬ 
tions. They overlie conformably open marine Early Carboniferous airbonates 
of the Um Bogma Formarion and are overlain unconformably by continental 
red bed succession of Late Permian-Triassic âge Icnown as the Qiseib 
Formation. The whole Carboniferous-Permian succession in the région is 
bounded by rvvo unconformities; a lower one resulted from the removal of 
the tindcrlying Early Palaeozoic and the basal beds of the Early 
Carboniferous. and an upper one manifested by the partial érosion of the 
Permo-Carboniferous deposits from the area. Stratigraphie corrélations with 
équivalent unirs recorded from the .Southern Peri-Tcihyan basins indicate 
that great areas of North Afrioi and the Near East were situared near the 
Southern margin of rhe Tcthyan seaway during most of the Late 
Carboniferous-Early Permian time. 
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RÉSUMÉ 

Les affleurements dage carboniffre et permien de la région du golfe de Suez, 
Egypte : codification et corrélation stratigraphique. La succes.sion permo-carbo¬ 
nifère dans la région du golfe de Suez est subdivisée en : la Formation Abu 
Thora (Viseen supérieur-Wesrpbalien Inférieur), la Formation Abu Ourba 
(Westphalicn moyen) et la Formation Aheimer (WestphaJien supérieur/ 
Sléphanien-Permien inférieur). Les formations Abu Thora et Abu Durba du 
Sinaï sont contemporaines de la Formation Abu Darag dans le Galaia septen¬ 
trional. La Formation Aheimer correspond à la Formarion Ataqa en subsurfa¬ 
ce dans le golfe de Suez. Ces dépôts à dominance clasiiquc reflereni des 
conditions subtidnles peu profondes, ligne de rivage cl lluviatilc. ILs reposent 
en conformité sur les carbonates marins ouverts d Jge carbonifère inférieur de 
la Formation Urn Hogma et sont recouverts en discordance par une succes¬ 
sion continentale à bancs rouges du Permien .supérieur-Tria.s, la Formation 
Qi.seib. La succession permo-carbonifère delà région est limiice par deux dis¬ 
cordances : Finférieure qui résulte de l’érosion du P;déozoïque inférieur et des 
bancs inférieurs du Carbonifère inférieur et la supérieure qui sc manifeste par 
l'érosion partielle du Permo-Carbonifère dans la région. Des corrélations 
srratigraphiques avec les bassins du domaine Sud pcriicihysien Indiquent que 
le Noid de l’Afrique et le Prtjche-Oricni étaient situés près de la marge sud 
de la Tethys pendant le Carbonifère supérieur er le Permien inférieur. 


INTRODUCTION 

Of the Pal'aeo/.oic of tgypL the Carboniferous- 
Permian rocks are sporadically exposcd on both 
sides of the Giilf of Suez. Good outerops are stu- 
died from west-central Sinai at Um Bogma, 
Wadi Feiran and Abu Durba, and west of the 
gulf in tbe Northern GalaJa, Abu Darag, Wadi 
Araba and in Wadi El-Dakhcl (Fig. 1). Despite 
numerous investigations over the last century, 
stratigraphie corrélations of the Lare Palaeozoîc 
successions in the région remained controvcrsial 
and difTereiii liihoscraiigraphic schenies hâve 
been proposed bv various authors (Fig. 2). The 
summary of stratigraphie .subdivisions of the 
Palaeozoic rocks in Egypt outlined by Abdallah 
(1992) eniphosises the gréai dispute between dif¬ 
ferent authors concerning sonie of the rock units. 
The objective of chis paper is twofold: (1) to 
bring togeiher in a .single document a compré¬ 
hensive summary of what is now knowm of the 
stratigraphy of the Permo-Carboniferous rocks 
exposed in the Gulf of Suez région and to esta- 
blish a unified stratigraphie scheme, and (2) to 
correlate this succession with synchronous units 


known from other countries in the Middle East. 
Much of the text is devoted to a systematic 
accounc of the stratigraphie classificarion of the 
Permo-Carboniferous in the area. Witbin indivi- 
dual stratigraphie units, local rock scquences are 
described and illusrrated. These local sections are 
relared to each other and to équivalent rock 
scquences outside the Gulf of Suez région to 
depict the distribution, latéral changes, âge and 
gaps in the stratigraphie record ncccssary to 
unraveling chc géologie histor}^ of the région, 
l'hc literature dcaling wirh the subject has been 
recently reviewed and the history of the palaeon- 
cological research has been outlined by Rora 
(1995a, b). Therefore, only some significanr 
publications are cited hcrein. Macrofloral élé¬ 
ments are quored from Lejal-Nicol (1990) whe- 
reas ihe micro floral assemblages are conduded 
from Kora (1993). Also, the micro- and macro- 
fauna arc summed up from rhe vt'orks of Kora 
(1989), Kora Mansour (1991, 1992) and Kora 
(1992) wliich are utilizing sonie data from carlier 
literature, The présent study has also gained 
much from the tectono-sedimentary synthesis 
and fades interprétations given by Issawi & Jux 
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(1982), Jux àc Issawi (1983), Kecley (1989), 
Abdallah et al. (1992), Darwish (1992), 
Weissbrod (1994) und Ishawi (1996). 

However, many ^aps Ntill cxist and the présent 
biostrarigraphic zonation is only tentative. 
Obviously, these successions need to be closely 
invcstigated to look for more reliable fossils in 
these rarcly fossilifcrous clastic-dominated succes¬ 
sions. Scattercd land mines drtftcd in the area 
partly makc it dangerous. Ncverthelcss, the domi¬ 
nant depositional environments could bc conclud- 
ed from macro- and microfacies interprétations. 
The biostrarigraphv of the Early Carboniferoas 
richly fossiliferous carbonates of Um Bogma 
Formation is not included in this study. 


LITHOSTRATIGRAPHY 

The Permo-Carboniferous succession exposed în 
tbe GuIf of Suez région consists mainly of s'aiid- 
stones and shales intercalating minor siltstones 
and sandy dolostones. In Siiiai, this succession 
overlies conformably Early Carboniferous carbo- 
niicc séquence known as the Um Bogma 
Formation. 'J’hc Permo-Carboniferous deposits 
are overlain unconformably eichcr by Permo- 
Triassic red beds of the Qiscib Formation or by 
Early Cretaceous pebbly sandstones of the Malha 
Formation. 

The First prioriry of this study was to esrablish a 
reliable stratigraphy. The suggested lithostrati- 
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graphie scheme is fundamentally a compilation 
of the worlts of Abdallah 6c Fd Adindani (1965) 
and Kora (1992, 1995a, b). The stratigraphy 
adopted here is pardy based on and supporred by 
some palacontological and palynological stiidies 
carried ont b)' the author as woll as other workers 
on the Pdaeozoic of Eg)^pt and adjacent countrics. 
The Carbonil'crous clastic succession of Sinai is 
subdividcd intn the Abu Fhora Formation and 
the overlyiiig Abu Dtirba Formation, Equivalent 
rocks exposcd on the western sidc ot the Gulf of 
Suez are ovcrlain by the Permo-Carboniferous 
Ahcimcr Formation, d’he following comments 
summarize the clvaracceristics of these lithostrati- 
graphic unîts. 

Abu THORy\ Foicviatton 
Nomenclature 

This unit refers to the Late Carboniferous sand- 
stone described by Bail (1916) from wcst-central 
Sinai. U was given different names including 
Ataka Sériés (Kostandi 1959), uppet sandstone 
formation (Ûmara & Schultz 1965), Ataqa 
Formation (Weissbatd 1969; Said 1971; Klitzsch 
1990), Ataqa Group — El-Hashash, Magharet El 
Maiah and Abu Zarab foimattons (Soliman & El 
Fecouh 1969) —» lower part ot El Tih Sandstone 
(Omara 1971), Abu Thora Formation 
(Weissbrod I9S0; Kora 1984) and Abu Thora 
Member of Rod El Hamal Fkarntarion (Beleicy et 
ai 1986). In ihe Northern Wadi Qena-Wadi El- 
Dakhel, équivalent deposits were named Güf 
Formation (Issawi & Jux 1982) and Somr El Qaa 
Formation (Kliczsch 1990). 

Recently, the name Abu Thora Formation has 
gained wide acceptance and was subsequenriy 
used by most investigators, e,g, El Sharkawi et ai 
(1990), Morsy étal. (1992), Abdallah et ai 
(1992), El-Favval (1994), Kora (1992, 1993, 
1995a, b), El Agami (1996) and El Sherbini 
(1996). 

Type section and locallty 

Wadi Abu Thora (lat. 29®02’N and long. 
33'^24’E), near Um Bogma, west-cenrral Sinai 
witb a tliickness of 190 m. Wei.ssbrod (1969) dis- 
tinguisbed two members of the formation: a 
sandy-clayey member at base and a sandy-quart- 
zitic member at top. 


Référencé sections 

Abu Rodciyim boreholes on the Southern side of 
Wadi El Hommur, north of Um Bogma (200 m 
fhick), A second reference section is meavsured 
near Wadi Sidri (80 m thick) and a tbird one 
(68 m thick) is studied from Wadi Nidia El 
Samr.i on the Southern sidc of Wadi Fcirati. A 
loLirth iess developcd reference section (50 ni 
thick) is recorded from Gabal Ektna in the Abu 
Durba area (Fig. 3). 

Baundtiries 

In the Um Bogma area, the Abu Thora 
Formation overlics conformably the Early 
Carbonilcrous dolostones of Um Bogma 
Formation and underlies unconformably the 
Permo-Triassit red beds ol Qiseib Formation 
wirh a local basaltic intrusion in-beivveen. The 
basaltic rocks of Farsh El-Azraq, Wadi Abu 
Naiash and Wadi Budra are rclaicd to Early 
Triassic-Middle Jurassic volcanit pliases 
(Weissbrod 1969; Saleeb-Roufaiel étal 1989). 

In Abu Durba and Wadi Nidia El Sainra ro the 
souih of Wadi l'ciran, the Abu "fbora l'ormation 
overlies unconformably Early Palacozoic sand- 
stones with a thin conglomeraiic bed at the 
contact. In that particular area, die formation is 
overlam conformably by the Carboniferoits shaly 
succession of Abu Durba Formation (Fig. 3). In 
Wadi EI'DakhtI of the north Easiern Deserr, the 
Abu l'horn Formation is unconformably overlain 
by Early Crctaceous clastics of the Malha 
Formation (Fig. 4), reflecring a wider rime gap of 
che unconformit)^ than rhar présent in the type 
area (Abdallah et ai 1992). 

Description 

This is a dominantly light-coloured sandstone 
successioti wirh occasional dark brown and yello- 
wish brown laycrs, alternaling with silty shales 
and kaolinitic claystoncs, carbonaceous in places. 
Fhc formation could be subdividcd into a lower 
‘Taolin/coal*beating’ member and an upper 
‘*glass sand*' member. 

The loM'er member is distributed ail over west- 
ccntral Sinai, dccrcasing in thtckness Ironi 140 m 
in the Um Bogma area to about 70 m in the 
Wadi Feiran area and 50 m in the Abu Durba 
area (Fig. 3). This member is made up of pinkish 
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white and yellovv rhick-beddcd sandstones inter- 
calating some mud.stones and shalcs, Cross bed- 
ding, niainly ol the tabular-planar type, but also 
wedge and convolutc bedding arc obserx^ed. The 
planar sers are 30-100 cm in rhickness, 2-3 m in 
length and gencrally dip 20"-30" towards north. 
Ripplc marks and Hat horizontal laminations arc 
observed in the fine siliy intercalations near the 
top of the meniber. At Wadi Nidia hl Samra to 
the South of Wadi Fciran, the basal part oF ihis 
member includes 3 m thick biturbated shale 
layer ovcrlying dircctly the conglomeratic band 
separaring the Abu l'hora Formation from the 
Early Palacozoic clastics. 

Two catbonaceous shale horizons with coal 
streaks vvere recorded from the continuously 
cored succession of the Abu Rodeiyim boreholes 
in the northerii llm Bogma area. iTe lower leve! 
is about 17 m thick directly overlying the marly 
dolostoncs of Uni Bogma Formation. A kaolini- 
tic clayscone beti (3 m rhîck) is recorded in an 
interval about 20 in above ir. The upper carbo- 
naceous shale bed is 100 m above the lower onc. 
It varies in thickness' beeween 3 and 20 m and is 
underlying directly the upper '^glass sand" mem¬ 
ber. At Wadi Abu Thora, the lower catbonaceous 
shale intercalation (9 m thick) appears some 
70 m above the Um Bogma dolostones and the 
upper clay is 30 rn above it- The kaolin heds 
exploited ac Wadi Khahoba and Gabal Hazlrar in 
the Um Bogma area are stratigraphically lower 
than that in Wadi Sldri area. Fhis indicates that 
the kaoliniric claystones and carbonaceous shale 
horizons in the Abu Thora Formation are not 
confmed to a certain level in the formation. 

The sandstone-kaolinitic mudstone faciès of the 
lower membçr of Abti Thora Formation in the 
Um Bogma and Wadi Feiran areas yielded badly 
preserved brachiopods and marine ichnofossils 
indicating a jcmnanr of che shallow marine 
conditions that prevailed earlier in the 
Carboniferoiis during déposition of the Um 
Bogma carbonates. ITie carbonaceous shale hori¬ 
zons yielded lepidodendroid Flora and miospores 
of pteridophytic affinity, Thus, the litho- and 
biofacics encouncered reflect gradational environ- 
ments between Coastal marine, swampy deltaic 
and fluviatilc (Fig. 5). 

The upper “glass sand” member is recorded 


essentially from the central and northern parts of 
the Um Bogma area with an average thickness ol 
60 m. Glass sand is currently exploited at Um 
Rodeiyim, El Qor and Wadi Khaboba. It is also 
quarried from the northern Wadi Qena-Wadi El- 
Dakhcl stretch in the Easteni Desert. This mem¬ 
ber was not recorded from Wadi Fciran and Abu 
Durba areas due to érosion or even noivdcposi- 
tion. The quarried white sand inccr\^al is usually 
in the range of 4-10 m of friable clean well- 
sorted and rounded medium to fine grained 
quatzitic sandstonc. Many sandstone beds are 
structurel CSS, deeply weatheaed and contain nei- 
ther clays nor carbonates, but enclose some gra¬ 
nules and coarse sand grains. The white 
sandsnines are in places irtegularly- to tahular- 
planar cross bedded. Badly preserved moulds and 
ca.sis ofindetetminatc pclccypod and brachiopod 
remains were recorded from the weakiy consoli- 
dared bioturbared sandstones ot Wadi Khaboba 
near Um Bogma and Wadi El-Dakliel in the nor- 
chern Eastern Desert, reflecting the dominance 
of marginal marine and fluviatile dcpositional 
environments. 

Fossil content and âge 

The Abu Thora Formation conrains faiinal and 
floral éléments. A Lare Visean-Early Namurian 
marine macroinveriehrate tauna including the 
brachiopod Orthutetei svhglobosus Girty (Fig. 5) 
and the hydi oznan Plectodisms sp. was descri bed 
from the kaolinitic mudstone horizon at Wadi 
Khaboba in rite Vm Bogma area (Kora 1992). A 
marginal marine thanatocoenosis was recorded 
from the white sandstone of Wadi FJ-Flakhel in 
the north Eastern Desert (jux & Issawi 1983). 
Most conimon is the bracklsh to tresh-water 
pelccypod Anthraconahi Frueman et Weir; ncxt 
contes typical marine molluscs [Bellerophon 
Montlort, CypricardelU Hall, Edmondict De 
Koninck, etc.) and rare bracfiitjpods 
{Dictyoclostus Miih-'Wood. Schizophoria King and 
Rhipidomella üehlerc). 

In the Wadi Feiran area, ihe Abu Thora 
Formation has yielded a broad variety of trace 
lossils of which three forms do bave stratigraphie 
potential: Cfuzianti varboruitia Seilâcher, 
'iCruzidna vostata Seilacher and Aîargaritichnus 
reptilis (Bandel). According to Seilacher (1990), 
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Fig. 3. — Stratigraphie corrélation chart of the Carboniferous successions in south-western Sinai. 


Permo-Carboniferous of the Gulf of Suez (Egypt) 
























Kora M. 


the Margariîkhnus specimcn from Smai is idcnti- 
cal in form and size wirh marerial from the Lace 
Carboniferoiis of North America. 

In the Um Bogma area, the argillaccous horizons 
of the Abu Thora Formation yielded rare flnely 
agglutinated lo granulaccd calcareous foraniini- 
fers belonging to spedes of Lugtoiiia Cummings, 
Nodosinefld Brady and Earlandiuiw Cummings 
which range through nmsc of rhe C’.arboniferous. 
Howevet, an archaedLscid foraminiferai assembla¬ 
ge was desciibed from équivalent dcposiis inclu- 
ded in the basal part of the Abu Darag 
Formation on rhe western side of the Guif of 
Suez (Kora 199Sb); The fossil speerra in that 
interval include Archaediscus karreriy A. spinu 
A. ex gr. akchiniensis Asteroarchaediscus qx gr. 
riigosuîy poincing to a latesc Viscan-earliest 
Namurian transition. 

Plant remains hâve long been known from the 
Abu Thora Formation (Fig. 5). Thèse consist 
essencially of stem, root and leaf impressions of 
Lepidodendrouy Lcpidodendropsiu LepidophloioSy 
Knorria, SigiUaria, Calafnites^ Hathrodendrony 
Noeggerathiity etc. andwere recorded mainly (rom 
the Um Bogma area in Sinai. Seward (1932) 
reported that rhe Sinai fossils might belung to a 
flora that flourished iiot far Irom the soutfiern 
shore ol the Terhys Sea in the lacrei part of rhe 
Early Carboniferous or in the early .stages of rhe 
Late Carboniferous. Similarly, Lcjal-Nicol (1990) 
concluded a Late Visean-Namuri.in âge tor a 
similar assemblage recorded ar Wadi Mukatrab in 
rhe Wadi Feiran area. 

Palynomofphs werc repearedly recorded Irom rhe 
Abu Thora Formation. Recently, Kora (1993) 
described two miospore assemblages from the 
carbonaceous shale horizons intercalatiag the 
lower meniber of tbc formation in the Abu 
Rodeiyim boreholcs. Assemblage Zone A is rcs- 
tricted to rhe basal part of the formation and is 
characterïscd by tbc common prcsence of 
Raistrickia nignty Rpelneotriletes owensi^ 
Dibolisporites rrioiittiOst4^y Rettisoînletes iricohatas 
and Valldlisporin's ciliaris suggesting a Lace 
Visean âge. Às.semblage Zone B is restricted lo 
the 20 m incerval just below tbc glass sand mem- 
ber with a rich microflora ineJuding Raistrickia 
JulvUy Laevigawsporites vulgarisy Endosporites gto- 
biformisy Lophotriletes gibbosus and Verruco- 


sisporites donarii indicating an âge ranging from 
Namurian C to Wesipbalian A. 

Géographie diitribuiion and local corrélation 
The Abu Thora Formation is widely distribured 
in the Ciuli of Suez région, lu west-cenrral Sinai, 
ir is besi developcd in the central and northern 
parts of the Um Bogma area where it artains irs 
maximum ihickness (200 m). It exrend.s Irom 
Wadi El Hommur and the upper reaches of 
Wadi Khabüba, covering the broken plain of El 
Qoi, and siretches across Ciabai Hazbar and 
Gabal Gliorabi bue decreascs to a rhickness of 
60 m in Gabal Raqaba easrwards. It is aiso well 
exposed in a ratber narrow srrtp exiending south- 
wards through Wadi Biidra, Wadi SidrL Wadi 
Mukatcab and Crossing Wadi Feiran to Wadi 
Nidia El Samra. l'hc Abu Thora Formation is 
reduced in thickness to about 50 m in ibc Abu 
Durba area (Fig. 3). 

In the western side of rhe GuIf of Suez, rhe Abu 
Thora Formarion as described hercin, corres¬ 
ponds to the lovver mernlicr (50 m thick) of the 
formation de.scribed by Abdallah et al, U 992) 
from Wadi El-Dakitcl in the environs of Southern 
Galala. Their upper member (20 m thick) is 
mostly coeval with the Abu Durba Formation 
described below. Similarly, the lowcr two units' 
(100 m thick) of the Abu Darag Formation 
(Abd.dlah îk El Adindani 1965) arc timewise 
équivalent to the présent Abu Thora Formation; 
the ovedying two unit.s (75 m thick) rcprcscnc 
essentially the shaly succession of the Aliu Durba 
Formation. Moreover, équivalent deposits to the 
Abu Thora Formation werc penetrated bv drilling 
in Wadi Araba borchole-1, represented mostly by 
unit 3 of 1 lermina et al (1983). This intervol cor¬ 
responds to the upper part of Nubia member” 
in the classification adopted by oil companies for 
the Guif of Suez wells. 


Abu Di rba I-okw.ation 
Noynenelature 

A formation status for this unit was introduced 
by Said (1971) who named it Durba Black 
Shalc.s or Durba Formation (166 m thick)» after 
a lithologie description given by Hassan ( 1967) 
to a 122 m thick sandstone and fossilifcrous 
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shale succession exposed in the Abu Durba area, 
Sinai. It is a synonym with the Nubia mem- 
ber” of the oil coxnpanies classification. This unit 
was incorrectly refcrrcd lo as Aheimer Formation 
by Weissbrod Issawi & Jux (1982) and 

Allam (1989) Currendy the name '*Abu Durba 
Formation” is commonly used by most investiga- 
tors (Kliizsch 1990; Kora 1989, 1992; El Agami 
1996; El Sherbini 1996 and Issawi 1996). 

Type section and locality 

East of El Belayini Ray, in the vicinicy of Gabal 
Abu Durba, southwestern Sinai (lat. 28”34' N 
and long. 33“ 17’ E). Anotber minor locality was 
also found near the mouth of Wadi Feiran on the 
eastern coast of the Guif of Suez (Hassan 1967). 

Reference sections 

Two sections vvere studied from the type area 
(Kora 1989). The First (125 m thick) extends 
through the Southern slopes of Gabal Ekma, 
immediatély ro the east of El Belayim Bay. 'Fhe 
other section (120 m thick) was studied on the 
right hand side at the cntrance oi Wadi Feiran, 
facing the Petrobel oil fields, Two additional sec¬ 
tions are studied rhroughout the présent work in 
the Wadi Feiran area. The First (105 m thick) is 
measured near Wadi Sldri at its jnnetion with the 
Southern Wadi Budra. The second (140 m thick) 
was collected From Wadi Nidia El Samra near the 
contact with the basement rocks on the Southern 
side of Wadi Feiran (Fig. 3). 

Boundaries 

In the type area and to the south of Wadi Feiran, 
the Abu Durba Formation overlies conFbrmably 
the Abu l'hora Formation and is unconformably 
overlain by Early Cretaceoiis pebbly sandstones 
of the Malha Formârion. 4b die north of Wadi 
Feiran, near Wadi Sidri and Wadi Budra, the 
Abu Durba Formation is separated from ihe Abu 
Thora Formation by a basaltic sill and is overlain 
by the Permo-Triassîc red beds of the Qiseib 
Formation (Fig. 3). In Wadi Araba borehole-1 on 
the western side of the Gull of Suer, the Abu 
Durba Formation (unit 2 of Herniina et al. 
1983) is Linderlying conformably a l ate Carbo- 
niferous succession referred to as Rod ETHamal 
Formation. In the Abu Darag area, deposits équi¬ 


valent CO the Abu Durba Formation vvhich are 
represented by the upper two units of the Abu 
Darag Formation (Abdallah & El Adîndani 
1965) arc overlain unconformably by Permo- 
Triassic red bcd.s ol the Qiscib Formation. At 
Wadi El-DakJiel in the northern Eastern Dcserc, 
rocks équivalent ro the Abu Durba Formation 
(upper member of die Abu Thora Formation of 
Abdallah et cd. 1992) were overlain unconforma¬ 
bly by the Malha Formation (Fig. 4). 

Description 

In ihc Abu Durba area, the Formation coiild bc 
differentiated lithologically into three horizons 
(Fig. 3). 1 he lower part is made up of dark grey 
to black .sbalcs inrerbeddinsr few himinated silr- 
stone and chîn-bedded grey sandstone beds. An 
environment dominaicd by brackish water or 
estuarine conditions i.s indicared from die pré¬ 
sence of only nrenaceous foraminifers of low 
divensiiy (Fig. 5). The middie part is essentially 
compo-sed of white or niultitoloured medium to 
coarse grained sandsroncs ranging from thin bed- 
ded to tabular-planar cross bedded. The cabular 
sets are 20-30 cm in thickness and 3-4 m in 
Icngih. The upper part of the formation is cha- 
racterised by rlie presence of a dark grey to green 
Fossiliierous shale horizon with two sandy dolos- 
tonc/dolomitic sandstone ituerbeds. The shale 
contains varied marine launa dominafed by 
bryozoans and brachiopods. A consplcuous 
unFossililerous reddish brown fine sandstone bed 
séparâtes the Abu Durb;i Formation from the 
overUang light-culoured Cretaceous sandstones 
of the Malha Formation in that area. However, 
in the Wadi Feiran area, the diderentiation of the 
Abu Durba Formation into three parts is not 
possible, sincc the dark grey siltstorie and shale 
heds alternatc with the ferruginous sandstones 
rhroughout the whole succession. Also, the fossi- 
liferous marine sandy dolostone interbeds are not 
encountered (Fig. 3). 

Fossil content and âge 

The lower part of the Abu Durba Formation in 
the n'^pe area is charactcriscd by an assemblage of 
arenaccous foraminifers dominated by 
Glomospira diversa Cushman et Waters and 
Nodosinella aegyptiaca Said et Eissa (Fig. 5). 
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Fig. 5. — The Late Carboniferous-Early Permian stratigraphie sequence in the GuIf of Suez région (the biostratigraphy was compiled from different sources mentioned in the text). 
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Similar toraminiferal association is encountercd 
from the succession srudied at Wadi Sidri. Plant 
remains in the form of drifted logs of 
Lepidodemlron and C’rî//7w/Vei* were recorded from 
the middle sandy interval of rhe formation, 
whereas bryozoans cover almost the entire bed- 
ding plane surfaces of some shale beds in the 
upper part and include species of FenestelLi, 
Polypora. Phndipom and Ascoporct, These are asso- 
ciated with ihe Middle Peunsylvanian brachio- 
pod Neospinfer camemtu${h^ç^no\\) cogether with 
species of Reticulatui. Choristiiella and Choristites. 
Bryozoans and brachiopods of similar afPinity 
were recorded from the Wadi Araba borchole'l 
(Hermina et al. 1983). This inrerval is characteri- 
sed by the présence of a conodonr assemblage 
dominated by Idiognathodus delUatus Gunnel 
and Neognathodus medexultimiis Merrill (Fig. 5), 
suggesting an Early Moscovian âge équivalent to 
Westphalian B-C (Kora 1989). 

Géographie distrihution and local correLitlon 
The Abu Durba Formation is recorded from 
both sides of ihc Gull of Suez. (9n the eastern 
side, it is well-developcd and best exposed in the 
Abu Durba-Wadi Feiran area, paiticularly along 
the western slopes of Gabal Ekma- It is nor 
encounrered in the central and norchern parts of 
the Um Bogma area (Fig. 3). This fos.siliferous 
mainly black shale succession is de.scribed from 
Wadi Araba borehole-l, on the western side of 
the gult (Said 1971; Hermina et al 1983)» It has 
been also recorded from many wells drillcd by oil 
companies in the Guif of Suez, e.g. in the 
Gharib, Bakr Ramadan, July, Ras Budran and 
Belayim oil fields, and is usually referred to as 
Nubia ^‘B mcmbcr'\ 

The présent study considers che fossiliferous dark 
coloured upper part (20 m thick) o I the 
Carboniterous succession exposed at Wadi El- 
Dakhel in the northern Eastern Desert overlyiag 
the wofkable glass sand (the upper shale-sand- 
stone membef of the Abu Thora Formation of 
Abdallah êl al 1992) to represent ihe Abu Durba 
Formation in chat area. Depo.sics équivalent to 
the Abu Durba Formation do occur in the Abu 
Darag area and are included in che upper part 
(75 m chick) of the Abu Darag Formation of 
Abdallah & El Adindani (1965). This interval 


yielded Westphalian microfossils (Omara 1965). 
However, the succession cannot be collected 
from a single outerop. The compUcated faulc 
pattern and the widc distribution ol Plio- 
Pleistocene terraces in the Abu Darag-Wadi 
Araba area make the distinction between the 
clastJcs building up the Aha 1 hora and ibc Abu 
Durba formations rather arbitrary. Fhc présent 
study suggests co keep applying rhe narne Abu 
Darag Formation for the Carhoniferous succes¬ 
sion exposed around the Abu Darag Lighthouse 
in the Northern Galala which is équivalent to 
both the Abu Thora and rhe overlying Abu 
Durba formations in Sinai (Figs 4, 5). 

Al lEiMER Formation 
Nofnenclature 

This unit was First named by Abdallah & El 
Adindani (1965), coeval with the Ataqa 
Formation (Said 1971; Beleity et al 1986) and 
with che upper part of the Ataqa Group or the 
Rod El Hamal Formation as used by Darwish 
(1992). 

Type scetton and locality 

Widi Ahcimer, about 10 km S-SE of Ain Sukhna 
on che eastern footslopes of rhe Norchern Galala 
massif (lat. 29'^3r N and long. 32°29’ E); the 
rhickness is approximately 250 m. It was sub- 
divided into 3 iinits; a lower unir: Shale member 
(60 m), a middle unif Limesrone member 
(90 m) and an upper unit: Silt-sandstone mem- 
ber, 10(1 m thick (Said Eissa 1969: .Said 1971). 

Référencé sections 

The Aheinitr Formation is studied by the pre.sent 
writer in the cJiffs bordering Bit Aheimer bet¬ 
ween road marks 67 and 68 km of che Suez- 
Gharib road (162 m thick); anothci' rctcrcnce 
section is vt'ell exposed at road mark 79 km. The 
formation ranges in thlckncss from 65 m around 
Wadi Qiseib to more dian 200 m slighrly co the 
South of Ain Sukhna. The thickness of these 
highly faulted sequences varies greatly from place 
to place wirhin short distances. 

Boundaries 

In the study area, the base of rhe Aheimer For¬ 
mation is nor exposed, but it has been considered 
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to rest conformably over or to imerfinger with 
the Abu Darag Formation (Klitzsch 1990) or the 
Rod El hlarnal Formation (Said 1971). It under- 
lies without visible unconfonnicy the Permo- 
Triassic red beds of the Qiscib Formation. In 
places wherc the red beds wcrc removed, e.g. on 
the northern footwalLs ofWadi Alieimer and the 
northern face of Northern Galala, the Aheimer 
Formation is ovcrlaln unconlormably by the 
Early Crctaceous Malba Formation (Swedan & 
Kandil 1990; Daruâsh 1992). 

Description 

The Permo-Carboniferous exposâtes in the 
Northern Galala form a narrow strip of dark- 
colourcd sandstoiies alternactng wiih a number 
of fossiliferous shale and dolostone beds, ofien in 
a cyclic manuer. Several fining upward sequences 
of 10-20 m rhickness were dcscribcd by Bandel 
& Kuss (1987). Fliiviacile sandstones commonly 
lorm the base ol the cycle while the top is domi- 
nated by mudstoncs and dolomitized limestones 
with diverse shallow marine fauna. It can be sub- 
divided into three members (Kora & Mansour 
1992). 

Lower inenther 

This member is coniposed mainly of dark grey- 
black fossiliferous papery shalcs. d'hey arc slightly 
calcareous and incercalated with some yollovv cal- 
careous sandstone beds. Il is most thick (60 ni) 
South oI Bir Abu Dar.ig. About 34 m of this unit 
are exposcd in the clifh oveihanging the asphal- 
tic road of Suez-Gharib in tvvo localities studied 
at road marks 68 and 79 km. The b.tsal shales arc 
rich in crinoidal columnals, bivalves* corals, bra- 
chiopods and bryozoans, rcHecting shallow nor¬ 
mal marine conditions, A low energy environ¬ 
ment is suggested by the présence of delicare 
fenestrate bryo/.oans as we|l as the préservation of 
most crinoids in growth position. Trace lossils in 
the form of simple vertical and deep burrows are 
frequendy cncountcred in the sÜty shaJe faciès 
near the top of ebis member, indicating a margi¬ 
nal “intertidar environment. So, a sheltercd 
shallow marine environment chnngcd to interti- 
dal ‘dagoonal-delraic^’ conditions during rhe 
déposition of the upper part of the lower mem¬ 
ber (Fig. 5). 


Middle Member 

This unie is made up of yellowish brown sand- 
stones inrercalared with few grey siltstone and 
calcareous sandstone beds, Along the measured 
section at road mark 68 km three to four rhin 
hard brown crinoidal dolostonc beds are encoun- 
tered in this men^ber which yieldcd some rhin 
shclled brachiopods. According to Abdallah & El 
Adindani (1965), this member is best devcloped 
(106 m thick) in ilie cliffs chat border \V 4 di 
Aheimer. There, it is charaacrised by the présen¬ 
ce of six crinoidal limestone horizons and five 
fossiliferous .sandy limestone beds. These rocks 
are associated with sandstones showing common 
small-scale herringbone cross bedding. I hc angle 
of inclination is 15-20'^ in rwo opposite direc¬ 
tions fenming chevrons. T his suggests a partly 
interiidal depositional cnvironnieiu for the basal 
and top beds of this member. The characieristic 
microhicies ot this member is an alternation of 
calcareous siltstone, sandy crinoidal dulostone 
and dolomitized algal grainstonc. Wichin the car¬ 
bonate faciès, char.ictcristic thali of encrusting 
pbylloid (leaUikc) algae bave been observed 
associated with rare calcareous foraminilers. 
T hese dolostonc thiri beds bave yieldcd thin- 
shelled brachiopods cogether with other shell 
fragments in a clcan. grain-supporied fabric. 
This association indicates déposition in a shal- 
iow, wcll-lighred subtidal environment (Fig. 5). 

Upper member 

Tl iis inembei* is composed of yellow-grey chick- 
bedded finé-medium grained sandstones with 
few light to dark grey siltstone Interbeds. The 
unit accaius an average thickness of 100 m at 
Wadi Aheimer. It thins to unly 40 m in the nor- 
chern face of the Northern Galala. Tabiilar- 
planar cross bedding is the dominant sediment- 
ary structure observed. T'he sandsrones are most- 
ly quartz arenitc, partly Icrruginous and partly 
argillaccous. Rare badly preserved agglutinated 
foraminifers are rbe only microfossLls wbich 
could bc separated from the intercalating sllt- 
shalc horizons. Thèse indicate a marginal envi¬ 
ronment containing some brackish lagoons and 
swamps. This environment mighr have bcen 
changed to fluviomarine conditions near the base 
and top of the succession (Fig. 5), where large- 
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scale tabular bedding is more conspicuous in 
coarse ferruginous pebbly sandstones. 

Fossil content and âge 

The Permo-Carbonifcrous succession of rhe 
Aheimcr Formation yicldcd a variety of macro- 
and microtaunal and floral associations. Tlïe 
lower member is the richcst fossil-bearlng hori¬ 
zon encounrcrcd. Ityieldcd an intx'rCsSting rugose 
coral fauna describcd by Hcrbig & Kuss (1988) 
and Kora & Mansour (1991). The coral tauna 
includes typical Lare Carboniferous “Wcst- 
phalian D-Siephaniarr forms e.g. Rod-phyllnm 
sokolovi (Fomichev) and Bothruphyllum pseudoco- 
nicum DobroJyubuva, in addition ro spccies 
belonging ro the gênera Paraduplophyllnm Wu et 
Zhou, LyWolasma Soshkjna, VerheekhlLi Pcncckc 
and Assimnlia Fedorowski, which are known to 
cross the Carboniferous/Permian boundary. 
These cotais are associated with characrerisric 
Latc Carboniferous brachiopods like 
Anthmeoipirifer sp. and Rugosochonclcs calljhrnt- 
Watkins. Moreover, a rare Laie Carboniferous 
conodont fauna dominared by Streptognathodus 
spp. wa$ described from this interval (Omara 
Kenawy 1966; Said & Hissa 1069). .Some impor¬ 
tant calcarcous foraminifers including Hemi- 
gordius harltoni Cushman et Warers, Psetido- 
bradyina cf. pulchra Reirlinger, etc, were also 
rccorded (Herbig Kuss 1988) from this mem¬ 
ber (Fig. 5). 

The middlc member ol the Aheimer Formation 
yielded an Harly Permian association dominared 
by Rhipidomella cordialis Grant in addition fo 
spccies of the gcncta Composita }3rown and 
Dielasma BCing. On the other hand, a fossil Hora 
derived from rocks overlyîng rhe Carboniferous 
dolostones of ihe Aheimer Formation at Bit 
Qiseib was determincd l>y Lejal-Nicol in Bandel 
&C Kus.s (1987). "i he flora includes abundant 
branches of Coniferophytj and less commun 
leaves of Preridophylla; the stratigraphie range of 
which is upperrriüst Carhonilerous-Early 
Permian. A rypical Permian llora dominared hy 
Calliptens confina (Sternberg) and Cardaites sp. 
were describcd by Lejal-Nicol (1990) from depo- 
sics belonging co the upper member of the 
Aheimer Formation in the Wadi Araba area. 
These deposlts yielded also Early Permian fossil 


algae including Ortonella worikawai Endo, 
Solenopora Johnson and Osagia incrustata 

Twenhofel (Onjran iSC Khalifa 1988). 

Thus, the AEeimer Formation ranges in age from 
the Lace Carboniferous in its lower member to 
the Early Permian in the upper member (Fig. 5). 
This age assignment is quice accepted hy almost 
ail investigators> except Issawi (1996) who daims 
rhat the Aheimer Formation is Triassic in age. 

Géographie distribution and local corrélation 
Ihc Aheimer Formation is rccorded in ourcrops 
only trom the western sidc of the Gulf of Suez, it 
is well exposed in the low' clills facing the Gulf of 
Suez belween Wadi Qiseib and Wadi Maà 
Sweilim. ’Fhe rocks of this formation are 
upthrown against Cretaceous-Fertiary strata to 
the north of Wadi Aheimer. The landscape chan- 
ged drastically in tlie last few years. The area is 
being prepared for investment; the inlra.struc- 
rures of many industrial and tourlsm projccts 
were ulready cr»n.sîructed. Conscquently, serrerai 
tâulihlocks are destroyed antl partly removed. 
The northernmost known outerop (166 m thick) 
is thar dcscribêd hy Swedan & Kandil (1990) 
from Wadi Um Reseis in the nordtern of the 
Northern Galala, Equivalent rocks arc rccorded 
from the subsurface of chc northern parc of the 
Giilf of Suez iKg. Ataqa-1 and GS9-1 wells. The 
southernmost ourcrops belonging to chis unit arc 
describcd from Wadi Araba along chc Southern 
foorsiopes of rhe Northern Galala Plateau. This 
locahty was considered as the type section of the 
Rod Él'Hamal Formation (Abdallah & El- 
Adindam 1965). 

J‘he "transirional strata" exposed in the clifts bet- 
ween Wadi Bii Abu Darag and Wadi Bir Abu 
Sandug show a general resemblance with — and 
are equîvalenr to - rhe upper member of rhe 
Aheimer Formation (Said ôd Eissa 1969). 
However, Abd El Shafy fid Abd El Azeam (1990) 
placcd the ‘'transirional strata" on top of the 
Aheimer Formation in spitc ot chc absence of 
diagnostic tossils thac may confirm such strati¬ 
graphie position. Moreover, Darwish (1992) pre- 
fered to relate ail the Lace Palaeozoic rocks 
exposed in the Northern Galala Plateau to onc 
formai unit; the Rod El Hamal Formation, 
rather than to two or three formations (Fig. 4). 
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He con.sidered this upper member of the 
Aheimer rormadon to overlie unconformably 
the middJe member, contrary to ail other investi- 
gators, and correlated It wich the Jürassic-Early 
Cretaceous sequence of Malha Formation. 


DEPOSITIONAL HISTORY AND 
REGIONAL CORRELATIONS 

The oldesr adequately daccd Carboniferous 
deposits exposed in the Gulf of Suez région are 
the marine carbonates (40 m chick) of the Um 
Bogma formation knuwn only from west-ccntral 
Sinai. The Early Carboniferous faunas wichin 
this phase are of subtropical character. Oxygen 
isotope values suggest rhat the water température 
was 25"-28°C (kora 1984). Bascd on isopach 
contour maps, litho- and biofades, it bas been 
suggested thaï ihe Um Bogma area was submer- 
ged during Middle-Late Visean time by a shallow 
Transgressive sea with a shoreline running gcnc- 
rallv NE-S\V and an open sea towârds the NW 
(Kora étal. 1994). 

From the faunal assemblages, there is cvidence 
suggesting free communication with other areas 
in the Tcthyan Realm. even though marine time- 
equivalent rocks hâve not yei been rccorded in 
eastern Sinai, Southern Israël-Palestine nor 
Jordan. The probable reason for the vtbsence of 
this unit from most Near Easr localities is a 
major epeirogenje uplift during the Hercynian 
struaural event. Erosion removed most of the 
Early Palaeozoic and a grcâier part of the Early 
Carbonifci'ous from eastern Eg)*pr. Régional stra¬ 
tigraphie évidence indicaies thaï this Lare 
Devonian-Early Carboniferous ev'ent was confi- 
ned to a relatively narrow belr extending from 
the Gulf of Sue? area to the vicinity of NE Syria 
and SE Turkey (Kohn et ttl. 1992). Although 
suhsequeni marine transgressions affected nor- 
thern Egype, probably only marginally, no major 
Lare Devonian-Early Carboniferous érosion is 
rccorded in the north Western Desert of Eg)^pt 
and eastern Libya (Kecley 1989). 

The Um Bogma carbonates are followed by a 
200 m thick clastic sequence of the Abu Thora 
Formation. It is a sandstone-dominated succes¬ 


sion incercalatcd with some kaolinitic claystone 
and carbonaccous shalc beds, rccorded from boch 
sides of the Gull of Suez. The litho- and biofa- 
cies encounrered reflect gradacional environ- 
ments beeween Coastal mariac-swampy défraie 
and fluviatilc (Fig. 5). The association of badly 
preserved brachiopods and maiine trace fossîls in 
the kaolin/coal-bcaring lowcr member refers to a 
remnant of the shallow marine conditions that 
prevailed earlier. The carbonaccous shalc inter- 
vals yielded palynotloras of Late Visean-Early 
Wesfphalian (= mostly Scrpukhovtan-Bashkitian) 
âge associared with some reworked Early 
Palaeozoic acntarch.s (Kora &c Schultz 1987) and 
chitinozoans which may be derived originally 
from Lite Devonian Sinaitic-Negev palaeo-high 
(Zaslavskaya et 1995). 

The Abu Thora Formation thin.s towards the 
Abu Durba area in rhe soutli and is confbrmably 
overlain by a black shalc-sandstonc succession 
(125 m thick) of rhe Abu Durba Formation. 
This fluvio-marine to marine faciès contains 
conodonrs and brachiopods indicating a Middle 
Westphalian (= Early Moscovian) âge. A more or 
Icss similar Carboniferous succession (175 m 
thick) is. exposed along rhe western coastal plain 
of the Gulf of Suez in the Abu Darag area. 
Marine influence hecomes less dear southwards 
and the équivalent deposits in the Wadi El- 
Dakhel section (Southern Galala) arc the sou- 
thernmost marine exposures in NE Africa (Jux de 
Issawi 1983). In the subsurtace of the Gull of 
Suez région, this unit is usually referred ro as 
Nubia “B member" by most oil geologists. 
Fluvial sandstones increase towards Aswan and 
Gilf Kcbir areas and the Permo-Carboniferons 
Giir Formation (Fig. 4) is the cquivaJenr rock 
unit in .Southern Egypt (Issawi &c Jux 1982; 
Issawi & Osman 1993). 

The swampy-lagoonal and deltaic intcrvals hâve 
yielded microfloral cléments which are represen- 
ted in the North African (particularly Libya, 
Loboziak & Clayion 1988), central and northeen 
Saudi Arabian (Clayton 1995; Owens ôc Turner 
1995)> Western European (ClayTon et ai 1977), 
North American (Ravn & Fitzgerald 1982) and 
Western Ausrralian (Playford & Powis 1979) 
palynofloras by identical or closely similar fbrms. 
This suggests that the Carboniferous végétation 
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Fig. 6. — Corrélation chart of the Permo-Carboniferous successions in Egypt and in some neighbouring countries. 
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of the Abu l’hora and Abu Durba formations 
was of cosmopolitan nature and flourished befo- 
re the Late Carboniferous glaciation in 
Gondwana which marked tlie bcginning ot pro- 
vincialism in the fieras {Kora 1993). 

Outerops in the Northern Galala are ev^ideiuly of 
younger Carboniferous (Kazimovian-G/helian) 
and Early Permiaii âges. Thèse deposits (250 m 
thick) reflect shallow subtidal-prograding shoreU- 
ne and fluviatile conditions of the Ahcimer 
Formation. This unit ï$ recorded from the west¬ 
ern side of the GuIf of Suez only and js overlain 
mostly by continental red beds of the Latc 
Permian-Triassic Qiseib Forinaiion. Equivalent 
deposits of the Acaqa Formation are rcstricted to 
the subsurface of the nonhern Guif of Suez and 
central Sinui borcholes. The litho- ând biofecies 
(Fig. 5) encountered indicaie ihat the Aheimer 
Formation was deposited from a shallow trans- 
gressive-regressive .sea, representing probably the 
last major invasion of the lethys Sea to the area 
during the Palaeozoic times. 

The absence of the Ahcimer Formation from 
Southern Sinai points to another uplift that toolc 
place in the région ai the end of the 
Carboniferous or during the Early Permian. 
Much of the just deposited PernUï-Carboniferous 
sédiments were removed by érosion as were the 
remaining older deposits. ITe rcmoval of the 
older deposits o( the Abu Durba Formation from 
the central and northern parts ot the IJm Bogma 
area, Sinai sugge.sts that this area was deeper 
truncated than the western sidc of the Guif of 
Suez. Moreover, Carboniferous rocks hâve nor 
yet been rccordcd in eastern Sinai. Southern 
Israel-Palestine nor Jordan. In the Negev Desert, 
Early Permian clastics of the Saàd Formation 
were recorded from rhe subsurfece overlying rhe 
Precambrian basement and underlying rhick 
Permo-Triassic succession (Zaslavskaya et ai 
1995) rellecring even more deeper rruncation. 

In the subsurface of the northern Western 
Desert, Permo-Carboniferous paralic clastics 
équivalent to ihose ol the GuH oï Suez include 
the Dhiifah and the overlying Safi formations 
(Fig. 6). Siniilar deposits are recognised from 
Cyrenaica in norrheasiern Libya (Vachard et al. 
1993). The style of Late Palaeozoic déposition in 
Southern Libya and into Algeria seems quite 


Linlike that in Egypf (Keeley 19fi9). Equivalent 
deposits in western Libya basins include partly 
the Mrar, Assedjefar, Dembaba and Tiguen- 
tourine formations (Bellini & Massa 1980). 
Palâcobiogeographic relations with Tunlsia, 
Morocco and the Algerian Sahara were stronger 
in the Early Carboniferous than in the Permo- 
Carhoniferous cime (Kora 1995a). 

In central Saudi Arabia, the Permo- 
Carboniferous Unay/ah Formation wa.s recorded 
from Al Qasim Province and Widyan Basin (AJ- 
Laboun 1982, 1987; Khalifa 1993). These 
.swampy-delraic deposits overlie conformably 
older Carboniferous clastics (Fig. 6) équivalent to 
the Khalata-Bcrwath formations (Owens & 
Turner 1995), and underlie conformably also the 
wcll-known Late Permian marine rocks of rhe 
Khuff Formation (McGiIJivray & Husseini 1992; 
Al-Aswad 6c Kamcl 1992). Thèse carbonate 
rocks reprc.scnt onc of the largest outerops of 
marine Permian in rhe world, with clastics 
increasing southwards. 

The Permo-Carboniferous sandstones are recor¬ 
ded also in the Mosandam Peninsula of northern 
Oman (Gharif Formation) and from western 
Iran (Faraghan Formation), underlying confbrm- 
ably Late Permian carbonates (Khalifa 1993). In 
the Western Iraqi Desert, équivalent Permo- 
Carboniferous clastics hâve been descrihed as the 
Gaâra Formation (Nader et al. 1993, 1994) 
rcflecting also swampy-fluviatile conditions. 
Tirne-equivalent rocks in Syria (Fig. 6) include 
shallow marine-delraic subsurface deposits of the 
Markada Group (Sawaiiec and Najeeb forma¬ 
tions) and continental clastics of the Aman us 
Group (Hfil Formation). K the thickncs.scs esti- 
rnated by Al-Yousscf & Aycd (1992) arc correct, 
then the Syrian Permo-Carboniferous deposits 
(>1000 m in the Palmyrid Trough) will be the 
thickest succession ever recorded in the Middle 
East, Equivalent less dcvelopcd deposits Itave also 
been recorded from SE Turkey and northern 
Iraq. 

CONCLUSION 

A unified lithostratigraphic scheme for the Late 
Palaeozoic succession in the Guif of Suez région 
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is proposée!, includiag from base ro top: 

- Um Bogma Formation: Middie-Late Visean, 

- Abu Thora Formation: moscly Scrpulchovian- 
Bashkirian, 

-Abu Diirba Formation: Moscovian, 

- Aheimer Formation: Kazimovian/Gzhelian- 
Early Permian, 

- Qiseib Formation: Late Permian-Triassic. 

The Um Bogma Formation is known only from 
the eastern sidc and the Aheimer Formation is 
recordcd only from the western side of che gulf; 
ail orher formations are distributed on both sides. 

In spite of the fact that both the Abu Thora and 
the overlying Abu Dinba formations, which are 
originally described from Sinai, do occur on the 
western side of the Gulf of Suez, the complicated 
structural pattern of the Abu Darag-Wadi Araba 
area makes it difFicult ro diflerentiate in the fîeld 
between the clastics building up those two for¬ 
mations. In that case, the namc Abu Darag 
Formation can bc applied for the Carboniferous 
succession exposcd in that parcicular area. 

The Carbonifcious-Permian succession in the 
région is boundcd by two unconfurinities; a pro- 
nouneed lowcr one, coinciding with the 
Hercynian structural evenc, resultcd in the temo- 
val of mosr of the underlying Early Palaeozoic 
and che basal Early Carboniferous deposits. The 
second uplifr cook place mostly during the Early 
Permian and led to suhscquetu érosion of a part 
of the Lace Carboniferous and ail the Early 
Permian successions from Sinai. It scems that the 
Late Permian sea transgression wliich covered 
wide areas in the Near East had nor affected 
Egypt, since continental red beds (the Qiseib 
Formation) of Lire Permian-Triassic âge ovcrlie 
unconformably the Permo-Carboniferous succes¬ 
sion. 

The fossil cummunitics Indicate that the Permo- 
Carboniferous succession of the Gulf of Suez 
région was deposited during transgressive/regrcs- 
sive cycles of a subtropical epicontinencal sca 
which might hâve covered the norchern parts of 
the Eastern and Western Déserts of Egypt, east¬ 
ern Libya and greater areas in North Africa. The 
swampy-lagoonal and deltaic inters^als in the Late 
Carboniferous succession can be correlated with 
équivalent deposits from northern and central 


Saudi Arabia, Syria and other countries in the 
Near East. Since no marine Permo-Carboni- 
ferous deposits are recorded souch of che scudy 
atea, ir can bc ctïricluded chat the Gulf of Suez 
région and greater areas In North Africa and rhe 
Near East were siiuatcd not far from the South¬ 
ern shorc of che Icthys Sca during most of the 
Permo-Carboniferous cime. 

The current knowledge of the Permo- 
Carboniferous fauna of the Gulf of Suez région, 
though containing enough éléments poinring to a 
Irec communication with the thicker marine 
‘Fcthyan sequences, is still far from complété. 
Excessive investigation of ihe marine layers in the 
Abu rhora, Abu Durba and Aheimer formations 
may resuit in the récognition of more distinctive 
fossils. Conodonts and calcareous foraminifers are 
necessary microfaunas in calibcating chc biostratl- 
graphicand palaeogeographic interprétations. 
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RÉSUMÉ 

L’association palynologique de la base de la formation de Warcha appartien¬ 
drait à la biozone à Kingiacolpites subcircularis. La formation de Warcha serait 
d’ige sakmarien à artinskien. Du Rajasthan en Inde en position autochtone 
en passant par le Sait Range allochtone jusqu’à l’Afghanistan, s’étendait un 
vaste bassin continental avec quelques passées marines au Permien inférieur 
sur la marge nord du Gondwana bordant la Téthys. 
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ABSTRACT 

Some stratigf'aphir data on the Early Pemiuui oj'the Sait Range (Pakistan). The 
palynological association at the base of the Warcha Formation would belong 
to the Kingiitcolpites subcircularis biozone. The Warcha Formation would be 
dated the SaJtmarian to Aftinsklan. From the Rajhastan iri India in an 
auiochtonous position to the Sait Range in an allochionous position and to 
the Afghanistan exiended a widc continental basin with somc marine bands 
during the Early Permian on the North margin of tlie Gondwanaland frin- 
ging the Tethys. 


INTRODUCTION 

La chaîne du Sait Range représente la première 
nappe de chamage de la chaîne de FHimalaya à 
matériel sédimentaire allant de l’Éocambrieji à 
rActucl, décollée au niveau du sel d'âge éocam- 
brien. Nous présentons dans cctcc note quelques 
données lithostratigraphiques (Iqbal 1993) et 
biostratigraphiques nouvelles sur le Permien infé¬ 
rieur. Les seuls échantillons traités ayant livré des 
palynomorphes proviennent d’iitie couche de 
charbon du Permien iiiFérieiir de l’ouest du Sait 
Range à Burrikhel près de Lindus (Fig. 1), les 
autres essais sur les argilites rouges ayant été 
négatifs. 

DONNÉES LITHOSTRATIGRAPHIQUES 
ET SÉDIMENTOLOGIQUES 

Le Permien inférieur comprend les formations de 
Tobra, Dandot* Warcha, Sardhai et Amb et le 
Permien supérieur^ les formations de Wargal et 
Chidru (Fig. 1 ). Ces formations ont été définies 
par Fatmi (1974) et Shah (1977). Cinq coupes 
ont été levées de l'ouest vers PevSt à Burrikhel, 
Karha, Nila Wahan, Ghandala et Pidh. La forma¬ 
tion de Tobra, formée d’argilires â galets et de 
conglomérats est interpictéc comme un dépôt de 
tillite. La formation de L')andot est formée de sil- 
tites et d'argilites marines à Eurydemui. La forma¬ 
tion de Warcha est constituée d’alternances 
décamétriques de grès et d’argilites rouges 
(Fig. 1). Son épaisseur décroît de l’oue.sc (200 m) 
vers Test (67 m). Elle est connue au nord dans 
raliochtone et au sud dans l’autochtone par 


forages pétroliers. À Burrikhel et Katha, les 
barres gréseuses présentent des bases érosives avec 
des galets et des litages obliques courbes ou sig¬ 
moïdes à courants opposés. A Burrikhel, un 
conglomérat et une couche de charbon est obser¬ 
vée à la base de Warcha, qui repose directement 
sur la formation de Tobra. Une datation palyno- 
logique a pu ci re réalisée à ce niveau. Ce sont des 
dépôts fliiviatiles à l’amont dans des rivières à 
méandres. A Nila Wahan et Ghandhala. les faciès 
gréseux à litage oblique sigmoïde sont associés à 
des faciès hétérolithiques de type silritcs à ride.s et 
drapage argileux. À Pidh, le.s siltites et afgilite.s 
dominent. Ce sont des dépôts fluviatile-s à 
influences tiJalcs à Nila Wahan et Ghandhala et 
estuariens à Pidh. Un passage latéral de faciès 
s’observe donc entre l’ouest et Pest du Sait 
Range, du domaine continental au domaine 
marin. La formation de Sardhaï est formée 
d'argilires bleu lavande. Les formations suivantes 
sont marines : gréseuse et carbonatée pour la for¬ 
mation d’.Amb, carbonatée pour la formation de 
Wargal, gréseuse et carbonatée pour la formation 
de Chidru (P.J,R.G. 1985). 

DONNÉES BIOSTRATIGRAPHIQUES ET 
CHRONOSTRATIGRAPHIQUES 

La formation de Tobra (Fig. 3) est d’âge assélien 
présume par comparaison avec la formation de 
l'alchir en Inde (Pareek 1981; C^assbyap & 
Tewari 1984), Elle contient des plantes, 
Glossopteris et Gangfimopteris (Wopfner & 
Casshyap 1997). La formation de Dandot est 
datée par Eurydesma du sommet de PAssélien- 
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Warcha 

Dandot 

Tobra 


Fig. 1. — Colonnes stratigraphiques du Permien inférieur du Sait Range avec cartes de situation. * : localisation de l’échantillon paly- 
nologique. 
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base du Sakmarien par comparaison avec des 
faunes d inde, d’Australie ou d’Amérique du sud 
(Veevers & Powcll 1987) er d'Afghanistan 
(Vachard 1980). 

Seul le charbon situé à la base de la formation de 
Warcha a pu être daté par la palynologie (Fig, 2). 
Citons parmi les spores : Leotriletes /iirectits 
Balme et Hennely, Cnlamospom sp., Punctait- 
sporites spp.^ Ptinctatisporita fofigostis Balme, 
Phylloîhecotriletes cf- golatensh Staplin, 
Retusotriletcs diversiformis (Balme et Hennely) 
Balme & Playford, Brevitriletes cornuttis (Balme 
et Hennely) Backhouse, cf. Iraqhpora lahrata 
Singh, Vermcosispo7'ites sp., Denwispontes soUdm 
Segroves, Jayanttsporites sp. B Backhouse, 
Laevigatosporites iniigaris Ibrahim, Futevigato- 
sporites spp. et Thyînospora cf ipsviciefns (de 
Jersey) Jain. Citons parmi les grains de pollen 
Monosaccite.s : Florinites erefnus Balme et 
Hennelly, Potouîeisporites fiovicus Bhardwaj, 
Caheniasaccïtes ch etlipticus Bose et Maheswari, 
Cannanoropoli\ janakii Potonié et Sah, 
Strwniojiosacdm sp. A FosVer. Citons parmi les 
grains de pollen Disaccites : Scheuringipollenitet 
ovatus (Balme et Hennely) Foster. Sihturifi- 
gipollejiites qF. fruixirnus (Hart) Tiwari, Alisporites 
sp., Salmiies sp. sensu Backhouse. Cirons parmi 
les grains de pollen Disaccites striatiti ; 
Protohâploxypinus limpldus (Balme et Hennely) 
Balme et PJayturd, Protohâploxypinus sp., 
Striatopodocéirpites cuncellatus (bAtn'i et Hennely) 
Hart. Striaiopodocarpiics solitus (Bharadwaj et 
Salujah) l ostcr, Strintopodoatrpites gonduwtensh 
Lakhanpal, Sah et Dubc. Citons parmi les grains 
de pollen Phcatcs : Ttimnospons simplex (Tiw-^ari) 
Maheswari et Kar, Vlttuttna fltscwlara (Balme et 
Hennely) Bhatadwaj, Vitroüwt Cirons parmi 
les grains de pollen Praecolpates : Marsupi- 
pollenites cf. triradiatus Balme et Hennely, 
Marsupipollenitcs striotus (Balme et Hennely) 
Foster. Citons parmi les grains de pollen 
Monocolpatcs . Cycadopites tymùatus (Balme er 
Hennely) Segroves. 

Cette association est composée de lormes prove¬ 
nant de plantes vivant sous climat tempéré dans 
le biomc 6 tempéré trais (Ziegler 1990 ; Ziegler 
et ai 1997). Cette association est très similaire 
aux cortèges palynologiques décrits dans le 
Permien inférieur gondwanien, de Flnde et 


d'Australie en particulier. IJabsence totale de 
formes caractéristiques telles que Lueckisporites^ 
Corisaccites^ Ltinatisporites ou Densipollenites 
exclut route atrriburion au Permien supérieur, 
quel que soit le sy.stème de rétérencc adopté. 
I^otouieisporites novicus^ souvent considéré comme 
cantonné à la base du Permien, iiest représenté 
que par un seul spécimen. Les grains de pollen 
bisaccaces sont, par contre, abondants et variés, 
notamment les bisatcates striés comme 
Protohiiptoxypinus limpldus et StriaTopodoatrpites 
cuncellatus. Des formes habituellement décrites 
en Australie occidentale, Maisupipollenitcs stria- 
tus. joyantisporites sp. B, Vittaiina fusciotata ont 
une extension str.atigraphique couvrant U pério¬ 
de Artinskien-Sakmarien (Backhou.se 1991). 
Love (1994) a décrit en Oman diftérentes bio- 
zoncs : la biozone à Potouleisporites sp. er 
Piinctntisporiles sp.. .attribuée au Westphalien 
supérieur-Stéphanicn inférieur, la biozonc à 
Microhiiadispora sp., Crisftîtisporites sp. er 
Piimsaccites spp. attribuée au -Stéphanien, la bio¬ 
zonc à Çycodopites cynibatus, Ib'otohaploxypinus 
sp. et Vittaiina sp., attribuée à l'Assélien et au 
Sakmarien, la biozonc à Kiugiacolpites subcircula- 
ris, attribuée au Sakmarien supérieur à 
i\rtinskicn, connue également en Inde dans la 
formation Barakar (Lele & Srivastava 1977). 
Cctic association serait donc similaire à la biozo¬ 
ne à Cycadopites çymbatus, .ntribuée à !’A$.sé]ien 
et au Sakmarien. Comme la formation de 
Dandot serai! d’âge sommet de l'Assclicn-basc du 
Sakmarien, la formation de Warcha serait donc 
d’âge sakmarien â artinskicn et pourrait cocres- 


Fig. 2. — L'assemblage palynologique de la base de la forma- 
lion de Warcha. A. ^otonteispor'nç^ I\nvicus Bhardwaj ; 
B. Caananoropol/s lanakn Potonie of Sah C. Câl'^eoias^cHes 
cf oillplicm Bùae sï Maheswan ‘ D StnapaOoœrpiîes solitus 
(Bharadwai et SalUjah) roBiei . 6, STO'omonoçacxiTas sp. A 
Foster 1979 : T. Ttwanasports stmpICM \T\yvari\ Manaswari et 
Kar , Q, Sonifes ap. sensti Backhouse 1990 : H. Striata- 
podocurpifois cf cancellatus (9alme et Henrefy) Harl . !, Marsu- 
Pipollonites tnrâdlatus (Oalme ci Hennetyi Fosier ; 
J. Vtttâtinasç K urotohaploxypmus sp : L. Frotofiaploxypinus 
//mpitfüô iBaline et Hfronely; Balme Rlaylcrd ; 
M. Ru.nctatjspcuf^s dp : N, cf. Iiaqtspora laPraîa Smgh : 
Q, Puncuusporftes tongosus ; P AUsporitcs ip. : 
O PoytiottfecüâpûfûôS gdiâtonsis SiapWn B, Donsoeyxultes 
Se^icv^^ , S. W. Breviftilt^lüS (Balroe et 

Herrelyl Backhouwï : T, Scheurinuipoffenths ova/us (Balme et 
Her/ialyl Fosier Ü, Laiotnletes cKreçtp^ Balme et Hpnnely ; 
V, Cycadopites cymbatus (Balme et Hennely) Segroves : 
X, Thymospora cf. ipsviciensis (de Jersey) Jain. Échelle : 4 pm. 
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Fig. 3. — Tableau straligraphique du Permien inférieur du Sait Range (d'après Iqbal 1986). 


pondre à la formation P2 d’Afghanistan 
(Vachard 1980). La formation de Sardhaï serait 
alors d’âge artinskicn. 

La formation d’Amb serait, d’après les petits 
foraminiferes et les fusulines (Haq 1987), d’âge 
bolorien, baigenzinien tardif ou artinskien tardif 
(zone à Aliseilwa). mais d’après Vacliard (com¬ 
munication orale) CCS foraminiferes sont endé¬ 
miques et cette datation reste imprécise. Il n’est 
donc pas possible d’infirmei* oü de confirmer un 
hiatus important à la base de cette formation. Si 
ce hiatus existe, la tormation d'Amb pourrait ne 
repré.senfer qu’une partie de PArrinskien La par¬ 
tie supérieure de la tormation d’Amb présente 
des plantes, Glossopt^rts et Gangamopteris 
(Wopfner & Casshyap 1997) et des microflores, 
Luckeisporites stngfjih Carisaedtes sp. (Balme 
1970), ce qui donne un âge kungurien-ufimien' 
kazanien à la limite Permien inférieur et supé¬ 
rieur et serait équivalent â la biozone à 
Cancellina, La formation de Wargal présente à la 
base des petits Foraminiferes et fusulines 
{Neoschwagerina margaritne) d’âge murgabicn et 
au sommer des fusulines {Nanlingella simple:)^ 
d’âge dzhulfien supérieur. Elle présente 


Luckeisporites singhi et Luckeisporites virkhiae 
(Balme 1970), ce qui donne un âge Permien 
supérieur avec des formes provenant de plantes 
vivant sous climat chaud. La formation de 
Cliidru montre des petits foraminiferes et des 
fusulines {ColamelUi) du D/huIfien. Elle présente 
Vittehpôrites signûtui, Cedtipites prheus^ Proto- 
huploxymts microcorpus. Cette association est 
similaire â la zone à Protohaphxypinus mkrocor- 
pus définie en Australie (Backhouse 1991) d’âge 
permien supérieur. La fbrmâtion de W^argal est 
corréUblc avec les formations carbonatées 7 à 9 
d’Afghanisr.m er la formation de Chidru avec la 
formation 10 d'Afghanistan (Vachard 1980). On 
observe lâ, entre le Sait Range et TAf^anistan, 
un passage latéral entre des faciès conimentaux 
avec quelques intercalations marines à des faciès 
marins de la Téthys. Les flores du Permien supé¬ 
rieur du Pakistan et d’Oman sont des flores 
mixtes à éléments gondwaniens, européens et 
carhaysiens (Broutin et ai 1990, 1995). La for¬ 
mation de la Charif d’Oman (Broutin et al. 
1995), qui prc.scnte une -association similaire à la 
zone à Protohaploxypinus microcorpus définie en 
Australie (Backhouse 1991), pourrait être 
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contemporaine de la formation de Wargal plutôt 
que de celle de Chidru. 

En Inde, Chandra & Chandra (1987), Tiwari & 
Tripathi (1987)i Navale &: Saxena (1989) ont 
suivi le changement paléoclimatique à partir des 
flores et des microflorcs depuis la formation de 
Talchir (Assélien) à Cutngarnoptenu Glossopteris 
microflores monosaccates de climat froid 
(biome 8), en passant par les formations de 
Karharbari et Barakar (^alonarien ^ Artinskien) à 
charbon, flore à Gangamopteris dominant, puis 
Glossoptevis dominant er microflores mono- 
sacates, puis dissacates non striées et Aînées mon¬ 
trant le passage d’un climat tempéré frais 
(biome 6) à un climat tempéré chaud (biome 5), 
jusqu'aux formations des Barren Measurcs, 
Raniganj et Kamrhi du Permien supérieur à 
Glossopttrls dominant et microflorcs disaccates 
striées de climat tempéré chaud soit sec soit 
humide (biome 5). 

CONCLUSION 

Si le Permien supérieur est bien daté par les fora- 
minifères (P^J.R.G, 1985 ; Haq 1987), le 
Permien inférieur continenral resiair mal daté et 
ces données palynologiques apportenr quelques 
précisions stratigraphiques nouvelles. L’associa¬ 
tion palynologique de la base de la formation de 
Warcha appartiendrait à la biozone à Cycadopites 
cyrvbatus. La formation de Warciva serait d'âge 
sakmarien à artinskien, Du Rajasthan en Inde en 
position autoclicone (Pareek 198i) en passant 
par le Salr Range allochtone jusqu’à TAf- 
ghanisran, s’étendait un vaste bassin continenral 
avec quelques passées marines au Permien infé¬ 
rieur sur la marge nord du Gondwana bordant la 
Téthys. L’assemblage palynologique est un 
assemblage de climat tempéré frais (biome 6) 
sous une laritude de 40'^S d'après l’hypothèse de 
Scotese ôc Langford (1995). Par contre, le 
Permien supérieur présentait un assemblage de 
climat tempéré chaud sous une latitude de 25°S. 

Remerciements 

Nous remercions le ministère des AflFaires étran¬ 
gères de la France pour le financement de la mis¬ 


sion Pakistan et de la dièse du Dr Iqbal, ainsi que 

les rapporteurs, en particulier le Professeur 

J. Clermonté, pour leurs conseils avisés. 

RÉEÉRENCES 

Backhouse J. 1991. — Permian palynostratigraphy of 
the Cnllie Basin, Western Australia. Review of 
Paleobotany iind PalynohgyGl: 237-314. 

Balme B. £. 1970. — Paynolog)' of Permian and 
Triassic strata in ihc Salr Range and Surghar 
Range. West Pakistan, in Kummel B. fie Teichert 
C. (eds), STratigraphic boundary problenis: 
Permian and Triassk of West Pakistan, Department 
Geology Unhersity ofKansay. spécial publication 4: 
305451. 

Broutin Doubinger J.. Farjanel G., Freytec P., Ketp 
H.. Langiaux J-, Lebreton M.-L., Sebban S. &c 
Sarta S. 15190. — I.c renouvellement des flores au 
pa.s.sagc Carbon itère-Permien : approches stratigra- 
phique, biologique, sédimcntologiquç, Comptes 
Reridm de rAcaelemie des Sciences, Paris 311 (lia) : 
1563-1569. 

Broutin J,, Roger J., Plate! J.-P.j Angiolini L,, Baud 
A,, Bilcher H., Marcoux J. 6c Al Kasmi H. 
199*1. — The Permian Pangea. Phyiogeogtaphic 
implications of ne\v paleontological discoveiies in 
Oman (Arabian PeninsuLi). Comptes Rendus de 
iAcadémie des SdenceuP^i^ ^2\ (lia) : 1069-1086. 

Casshyap S. M. 6c Tewan R. C. 1984. — Fluvial 
inodcL of the F.arly Permian coal mcasures of Son- 
Mahanadi and Koel-Damodar valley basins. India. 
Spécial Publteafion ofthe Internarional Association of 
Sedimvmotogisis 7 : 121 -147, 

Cli.indr.i S. & Chandra A. 19H7- — Vegeiacional 
ch.mges and rheir climatic iinpIicdTions in coal-bea- 
ring Ciondw.ma. The PijLieobotanisîJib: 74-86. 

Parmi A. N. 1974. - l.irho.sir.arigrapha: nnits of the 

Knbat-Poivvar Province, indu.s Basin, l*akisr.tn. 
Menwir ofthe Geo/agica! Surtfey ofPnktsuin 10, 8Ü p. 

Haq B. LF 1987. - Perrnian Triassic Succes.sion in 
the Sait Range» Pakistan. Fteld Guide I.O,C,P. 
Project 199, 293 p- 

Iqbal N. 1993 . — Le Permien inférieur du Sali Range 
(Pakistan). Thèse Doctorat de FUnivensité de 
Nancy I. Nancy, France, 227 p- 

Lelc K. M. Srivastava A. K. 1979. — Power 
Gondwana (Kliarharbari to Ranigani Stage) micro¬ 
floral assemblages from the Auranga coalfield and 
iheir sirarigraphic signiflcancc. 4th International 
Paiynolog^ Conferena’ Lucktww 1976-1977 2; 152- 

164. 

Love C. F. 1994 . — The palynostratigraphy of the 
Hauski group (Wcstphalian-Artinsldan) in Dman: 
23-39, /« Simrnons M. D. (cd.). Mteropaieontoio^ 
and Hydrocarbon Exploration m the Middle East 
Arahia. Chapman et Hall, London. 


GEOOIVERSITAS • 1998 • 20(4) 


729 



Iqbal N., Broutin J., Izart A., Coquel R., Vachard D. & Hasan Baqri S. R. 


Navale G. K. B. & Saxena R. 1989. —An appraisal 
of coal pétrographie faciès in Lower Gondwana 
(Permian) coal seams in India, international 
Joumeil of Coal Geology 12; 553-588. 

Pareek H. S. 1981. — Basin configuration and sedi- 
menrary srratigraphy of western Rajhastan. Journal 
of the Geological Society of India 22; 517-527. 

Pakistano-Japanese Research Group 1985. — 
Permian and Triassic Systems in the Sait Range 
and Surghar Range, Pakistan, in Nakazawa K. & 
Dickens J. M. (eds), The Tethys: her paleogeography 
and paleobiogeography frorn Paleozoic to Mesozoic. 
Tokyo University Press, Tokyo. 

Scotese C. R. & Langfbrd R. P. 1995. — Pangea and 
Paleogeography of ihe Permian; 3-19, in Scholle 
P. A., Per)'t T. M. & Ulmer-Scholle D. S. (eds), 
The Permian of Northern Pangea, Volume 1; 
Paleogeography, Paleoclimates, Stratigraphy. 
Springer, Berlin. 

Shah 1. S. M. (ed.) 1977. — Stratigraphy of Pakistan. 
Memoir of the Geological Survey of Pakistan 12, 
138 p. 

Tiwari R. S. Tripathi A. 1987. — Palynological 
zones and their climatic inference in the coal- 
bearing Gondwana of peninsular India. The 
Palaeobotanist'5G\ 87-101. 


Vachard D. 1980. — Tethys et Gondwana au 
Paléozoïque supérieur : les données afghanes ; bio¬ 
stratigraphie, micropaléontologie, paléogéographie. 
Documents et Travaux de TIGAL, Paris, 2, 463 p. 
Veevers J. J. & Powell C. A. Mc 1987. — Late 
Paleozoic glacial épisodes in Gonwanaland reflected 
in transgressive-regressive depositional sequences in 
Euramerica. Geological Society of America Bulletm 
98; 475-487. 

Wopfner H. & Casshyap S. M. 1997. — Transition 
from freezing to subtropical climares in the Permo- 
Carboniferous of Afro-Arabia and India: 192-212, 
in Martini l. P. (ed.), Late glacial and postgLtcial 
environmental changes. Oxford University Press, 
Oxford. 

Ziegler A. M. 1990. — Phytogeographic patterns and 
continental configurations during the Permian per- 
iod, in McKerrow W. S, & Scotese C, R. (eds), 
Paleozoic paleogeography and biogeography, 
Memoir ofthe Geological Society of London 12: 363- 
379. 

Ziegler A. M., Hulver M. L. &: Rowley D. B. 
1997- — Permian world topography and climate: 
111-146, /«Martini I. P. (ed.), Late glacial and 
postgLtcial environmental changes. Oxford University 
Press, Oxford. 


Soumis pour publication le juillet 1997 ; 

accepté le 15 décembre 1997. 


730 


GEODIVERSITAS • 1998 • 20(4) 



Remerciements/Acknowledgements 


La Rédaction remercie vivement tous les rapporteurs, dont la liste est donnée ci-dessous, qui ont 
accepté de donner temps et compétence pour (évaluation des manuscrits publiés dans Geodwersitas 
au cours des années 1997 et 1998. 

The Edîton gratefidly ucknowledge the fhllowing referees who provided their time and expertise in review- 
ingpaperspttblished in Geodiversitas duringthe years J 997 and 1998. 


Alberdi M.-T. 

Madrid 

Espagne 

Lonette M. 

Ten'uren 

Belgique 

Andrews P. 

London 

Royaume-Uni 

Long J. A. 

Perth 

Australia 

Arratia g. 

Berlin 

Allemagne 

Martin-Closas C. 

Barcelone 

Espagne 

Audren C. 

Rennes 

France 

Massa D. 

Suresnes 

France 

Azzarolï a. 

Florence 

Italie 

Mazin J.-M. 

Poitiers 

France 

Baud a. 

Lausanne 

Suisse 

Mein P. 

Villeurbanne 

France 

BecQ'Giraudon J.-F. 

Orléans 

France 

MeulenkamrJ. 

Ucrccht 

Pays-Bas 

Bellier J.-P. 

Paris 

France 

Michaux]. 

Montpellier 

France 

Bengtson P. 

Heidelberg 

Allemagne 

Montenat c. 

Ccrg\^-Pontoise France 

Blanc G. 

Talence 

France 

Morales J. 

Madrid 

Espagne 

Bocherens h. 

Paris 

France 

MoureR-ChaUVIICÉ c. Villeurbanne 

France 

Broltin J. 

Paris 

France 

Mûya Sola s. 

Sabadell 

Espagne 

Calvo J. P. 

Madrid 

Espagne 

Nieves Lofez M. 

Madrid 

Espagne 

Cerling T. E. 

Utah 

USA 

Nigrini c. 

Californie 

USA 

ClFELEl R. L. 

Norman 

USA 

Patou-Ma tHlS M. 

Paris 

France 

Clermonté J. 

Nancy 

France 

PlUKEORD M. 

Paris 

France 

Cloi.tier R. 

Lille 

France 

POl'LIN c. 

Paris 

France 

Crasquin-Soleau s. 

Paris 

France 

Riepfel O. 

Stuttgart 

Allemagne 

DeconninckJ.-F. 

Lille 

France 

RüuchyJ.-M. 

Paris 

France 

DercourtJ. 

Paris 

France 

Schultze H.-P. 

Berlin 

Allemagne 

Drouin J.-M. 

Paris 

France 

Sen s. 

Paris 

France 

Eisenmann V. 

Paris 

France 

Some'rville I. D. 

Dublin 

Irlande 

FUTvIN L. J. 

Massachussets 

USA 

SORtA D. 

Madrid 

Espagne 

Foits TEN A. 

Helsinki 

Finlande 

Soulie-Mârsche I. 

Montpellier 

France 

Foucault A. 

Paris 

France 

Storch g. 

Francfort 

Allemagne 

Gaudant J. 

Paris 

France 

S/AIAY F. s. 

New York 

USA 

Gentry A. 

Londres 

Royaume-Uni 

Taylor P. 

London 

Royaume-Uni 

Ginsburg L. 

Paris 

France 

Telles Ani unes M. 

M. Da Caparicî Portugal 

Gorican s. 

Liubiana 

Slovénie 

Urquhart E. 

Londres 

Royaume-Uni 

Goujet D. 

Paris 

Paris 

Vachard d. 

Lille 

France 

llAHN G. 

Marburg 

Allemagne 

VaiG. B. 

Bologne 

Italie 

Hayward P. J. 

Swansea 

Royaume-Uni 

Van DerMade |. 

Madrid 

Espagne 

Heissig K. 

München 

Allemagne 

ViRGILI C. 

Madrid 

Espagne 

IZ.'KRD A. 

Nancy 

France 

Wenz S. 

Paris 

France 

Jagt J. W. M. 

Maastricht 

Pays-Bas 

WooD R. A. 

Cambridge 

Royaume-Uni 

Jan\ter P. 

Paris 

France 

Y(YUNg g. c. 

Canberra 

Australie 

Koufos G. D. 

Thessalonique 

Grèce 

Yt3UNG V. T. 

London 

Royaume-Uni 

Kowalski K. 

Cracovie 

Pologne 

Zhexi L. 

Pittsburg 

USA 

Luthiers F. 

Paris 

France 

ZhuravlevA. Yu. 

Moscou 

Russie 


GEODIVERSITAS • 1998 • 20(4) 


731 



Instructions aux auteurs 


La ligne éditoriale 

Elle prendra en compte divers aspects de la 
recherche en Sciences de la Terre, en particulier 
Thistoire et le comportement des bassins sédimen- 
taires, la paléobiodivcrsiié et les palcoenvironne- 
ments. Un numéro de Geodiversitm par an pourra 
être consacré, exceptionnellement, au débat contra¬ 
dictoire sur un siijer d'actualité, ou sur un thème 
donné et sous la responsabilité d'édireur(s) invité{s). 

Les manuscrits, dont le nombre de pages n’est pas 
limité a priori^ devront suivre rigoureusement les 
recommandations aux auteurs (voir ci-dessous) et 
seront adressés à la revue : 

Service des Publications Scientifiques du Muséum, 
Geodi vei'sitas. 

57 rue Cuvier, 

F-75231 Paris cedex 05 
Tel; (33) 01 40 79 34 38 
Fax: (33) 01 40 79 38 58 
e. mail : bullerin@>mnhn.fr 

Les chapitres de sysicmarique devront se conformer 
aux règles du Code hnematiomü de Nomenclature 
Zoologique. 

Tout manuscrit non conforme à ces instructions 
sera retourné pour mise au point. Chaque manus¬ 
crit est évalué par deux rapporteurs, ou plus. 

Instructions aux auteurs 

Chaque manuscrit soumis (y compris les illustra¬ 
tions) doit erre présenté en trois exemplaires (un 
original et deux copies) au format A4, avec un 
double interligne et des marges d'au moins 3 cm ; 
chaque page sera numérotée. Les illustrations origi¬ 
nales seront jointes au manuscrit définitif, ainsi 
qu’une disquette 3.5*' de foimat Apple Macintosh 
ou compatible IfiM (traitement de texte Word de 
préférence), qui devra contenir également les 
tableaux et éventuellement les illustrations (Adobe 
Illustrator, Photoshop ; Deneba Canvas). 

Le fortnat 

Les manuscrits, écrits en français ou en anglais, doi¬ 
vent être structurés comme suit : 

- titre si possible bref, en français et en anglais ; un 
titre courant doit être proposé ; 


— nona(s) er prénom(s) de(s) autcur(s) suivis de 
leur(s) adrcsse(s) professionnellc(s), en indiquant si 
possible le numéro de Fax et Padresse électronique ; 

— résumés écrits en français et en anglais (800 
signes au maximum chacun), suivis des mots clés et 
« key words » ; 

— dans le texte courant, utiliser les italiques pour 
tous les noms en latin : taxons de rangs générique 
et spécifique (ex : Cellaria Ellis et Solander, 1786) 
et tîL : 

— dans le texte courant, les références aux auteurs 
seront en minuscules, ex. Dupont (2001), Dupont 
(2001. 2002), (Dupont 2001 ; Durand 2002), 
(Dupont et Durand 2003, 2005) Dupont (2001 : 
1). Dupont (2001, llg. 2). 

— dans le texte courant, les rél’éiences aux illustra¬ 
tions et aux tableaux de Particle seront présentées 
ainsi ; (Fig. l), (Fig. 2A, D), (Fig. 2A-C), (Figs 3, 
6), (Figs 3-5), (Tableau 1); 

— les remerciements seront placés à la fin du texte, 
avant les références bibliographiques ; 

— les références bibliographiques- doivent suivre les 
exemples donnes ci-dessous \ 

— indiquer dans la marge l’emplacement des illus¬ 
trations dans le texte définitif ; 

— donner les légendes des figures sur une feuille 
séparée. 

Les illustrations 

L'ne attention particulière sera portée à la qualité et 
la pertinence de l’illusiration. 

Les illustrations au riait doivent être réalisées à 
Pencre de Chine ou être fournies en impression 
laser. Les photographies, bien contrastées, seront 
sur fond noir ou blanc. Elles pourront être regrou¬ 
pées, et dans ce cas, identifiées par une lettre en 
capitales (A, Rv C . ). Les planches photogra¬ 
phiques, placées dans le corps de l’article et non 
regroupées à la fin de celui-ci, doivent être traitées et 
numérotées comme de.s figures. Les illustrations 
pourront être assemblées sur une largeur de colonne 
(70 X 190 mm) ou sur toute la largeur de la jusrifi- 
carion (144 x 190 mm). La rédaction encourage la 
présentation de photographies avec tout ou partie 
de leur interprétation par un ou des dessins au trait. 
Aucune légende, ni lettrage ne sera placé sur les ori¬ 
ginaux. Ils figureront sur un calque joint avec 
chaque figure, la rédaction se chargeant de les pla- 
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cer. Chaijue figure doit comporter une échelle 
métrique, sans aucun coefîlcient multiplicateur. Les 
tableaux et graphiques, à inclure dans le manuscrit, 
doivent nécessairement pouvoir être imprimés sur 
une page et rester lisibles après réduction éventuel¬ 
le. Des planches en couleur pourront être publiées 
moyennant une participation finan-cière de ou des 
auteurs. 

Références bibliographuiues 
Denison R. H. 1978. — Placodermi, in Schultze 
H. P. (ed.)) Hiindbook of Paleoicbthyologyu 
Volume 2. Gusiav Fischer, Stuttgart, 128 p. 
Marshall C. R. 1987. — Lungfish: phylogeny and 
parsimony, tn Bemis W. E., Burggren W. W. 
& Kemp N. F., (eds). The Biology and 
Evolution. ()1 Lun^ltshes, Journal of Morphology 
1:15M62. 

Schultze H. P. & Arsenault M. 1985. — The pan- 
derichthyid fish Elpistositge. a close relative to 
tetrapods? Paleomology 2^: 29.5-309. 

Schultze H, P. 1977a. — Fhe origin of the tetra- 
pod lirnb within the rhipidistian fishes: 
541-544, /;/ Hccht M. K., Goody P. C. &: 
Hecht B. C. (eds). Major Patterns in Vertebrate 
Evolution. Plénum Press, New York and 
London. 

Épreuves et tirés à part 

Les épreuves seront adres.sées à l’auteur nu au pre¬ 
mier auteur (.sauf indication contraire) et devront 
être retournées corrigées .sous huitaine. Les correc¬ 
tions, autres que celles imputables à la rédaction ou 
à l'imprimeur, seront a la charge des .tuteurs. Le(s) 
auteur{s) recevront gracieusement vingt-cinq tirés à 
part, les tirés k part supplémentaires seront à com¬ 
mander sur un formulaire joint aux épreuves. 

Soumettre un article pour publication dans 
Geodiversitaf suppose que celui-ci ou tout article 
proche dans la même langue ou une autre langue, 
n’ait pas été soumis dans une autre revue, même 
dans rartenre de son acceptation. Les droits de 
reproduction de l article, y compris de.s illustra¬ 
tions, sont réservés à la revue. La reproduction de 
tout ou partie de l'article doit faire l’objet d’une 
demande écrite préalable adressée à la rédaction. 


Scope of the Journal 

Geodiversitas pubüshes papers which concern varied 
a.spccts ol Earth Sciences and particularly history of 
sedimentary basins, palaeobiodiversicy and palcoen- 
vironment. A complète issue of Geodiversitas may 
be devoted ro several papers on a single ropic under 
the responsabtllTy of guest editof(s). Papers Avlth a 
systemaric conrenr should fbllow the bnernatwnal 
Code of Zooiogicai Nomenclature. Manuscriprs, 
without limitation of the number of pages, musc 
conform srrictly rvirh rhe instructions to authors, 
and will be sent m rhe Editor: 

Service des Publications Scientifiques du Muséum, 
Geodiversitas, 

57 rue Cuvier, 

F-75231 Paris Cedex 05 
Tel: (3.3) 01 40 79 34 38 
Fax : (33) 01 40 79 38 58 
e. mail ; bulletin@mnhn.fr 

Instructions to authors 

Manuscript-s, wîch illa.sifaiions, must be submitted 
in triplicate (one original and two copies) in A4 
format, double .spaced* wiih margins of ai least 
3 cm and ail pages numbered. The original figures 
should be sent with the reviscd manuscript. as well 
as a 3.5’* diskette Apple Macintosh or IBM-corapa- 
riblc (Word, Word l*erlect...) ibrmac, which will 
aiso conrain tables and possibly figures (Adobe 
lllustrator, Photoshop; Deneba Canvas). 

Format 

Paper.s arc co be written in simple and concise 
French or Lnglish. Thcy should be organized as fol- 
lows; 

- a brief title in French and Lnglish; 

' a suggested mnning head; 

- name(s) of authorfs), followed by their full pro- 
fcssional address(es) and, if possible. Fax number 
and e-mail; 

- abstracts (in Lnglish and French) nor excceding 
800 signs cach, wirh key word.s and "mots clé.s”; 

^ text with italicized words for Latin: taxa of genc- 
ric and spécifie ranks (e.g. Cellaria Ellis et Solander, 
1786) eïak 

' références ro authors in main text should bc pre- 
senred. In lower case, as follows: .Smith (2001), 
Smith (2001, 2002), (Smith 2001), (Smith 2001; 
Carv 2002), (Smith iic Cary 2003. 2005), Smith 
(2001: 1), Smith (2001, fig. 2): 

- référencés to illustrations and tables should be 
indicated as follows: (Fig. 1), (Fig. 2A, D), (Fig. 
2A-C), (Figs 3, 6), (Figs 3-5), (Table 1); 
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- keep acknowledgemcnts short and place them at 
the end of che text before référencés; please do not 
forger the revisers; 

- give captions to illustrations on a separate sheet. 
Illustrations 

The éditorial board will pay spécial attention to the 
quality and relcvance of illustration. 

Line drawings must be in Indian ink or high quali¬ 
ty laser printouts; high contrast photographs, pla- 
ced on white or black backgrounds, are required. 
These can bc grouped into figures and identified 
by letters A, B, C ... Plates are not placed at the 
end of the article: they will be considered as figures 
and numbered as such. Arrange figures to fit one or 
two columns (70 x 190 mm or 144 x 190 mm). 
Associate interprétation of photograph with line 
drawing. No diagrara or table is to exceed one 
page. Letters, numbers, etc., for each figure, are to 
be indicated on an accompanying overlay, not on 
the original figure (line eut or half-tone). A scale 
bar is needed for each figure (without magnifica- 
tion factor). 
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pod limb within the rhipidistian fishes: 
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Hecht B. C. (eds), Major Patterns in Vertebrate 
Evolution. Plénum Press, New York and London. 

Proofs and reprints 

Proofs will be sent to the First author for correction 
and must be returned within eight days by express 
mail. Authors will receive twenty-five offprints free 
of charge; further offprints can be ordered on a 
form supplied with the proofs. 

The submission of a manuscript to Geodiversitas 
implies that the paper, or a similar one, is not being 
offered for publication elsewhere. Copyright of 
published paper, including the illustrations, 
becomes the property of the journal. Requests to 
reproduce material from Geodiversitas should be 
addressed to the éditer. 
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